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PREFACE 


The favourable reception accorded to the first edition of this 
book is sufficient evidence of the soundness of its plan, and 
the thorough revision to which it has now been subjected has 
had for its aim rather improvement in detail than any funda- 
mental alteration. Practically the whole work has been re- 
written in the light of the author’s experience of its use with 
large classes, and by relegating the less essential matter to a 
smaller type, it has been found possible both to simplify the 
book for beginners and those requiring a rapid review of the sub- 
ject, and to increase its scope and usefulness. It need hardly 
be said that a teasonable knowledge of General Chemistry is 
assumed ; the futility of commencing a specialised branch of 
a subject, before the foundations are secure, is (or should be} 
a truism. 

The unsoundness of deductive treatment for beginners • has 
now become axiomatic. It is easy for the student to commit 
generalisations to memory, and, reversing the natural order of 
growth, to fit the facts to them ; but as an examiner the author 
knows how eminently unsatisfactory is the result. Tlie aver- 
age student thus instructed can, it is true, reproduce such 
general statements (which often, however, are not generalisa- 
tions at all) ; but he learns to dislike what he inevitably comes 
to regard as the mechanical detail of experimental work, and 
breaks down when examined orally. The student of greater 
distinction feels on the other hand that the subject is 
finished, and loses that wholesome desire for personal exper- 
ience which is the first condition of progress. 

But the learner who proceeds experimentally, putting iso- 
lated facts together, forming generalisations from them, and 
using these generalisations to suggest further experiment, 
is following the natural method. Whatever his intellectual 
ability, he acquires, with reasonable industry, a singularly 
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vivid and intimate knowledge of his sn^ect, and should 
he have the opportunity later to join the ranks of the 
pioneers, he will find that he has nothing to unlearn, and that 
original research, whether in pure or applied science, is but an 
extension of the methods with which he has become familiar. 

After learning to know the properties of indi^^<klal sub- 
stances such as alcohol and aldehyde, the extension and 
consequent generalisation of this knowledge becomes in 
almost every case an intellectual necessity ; and even where 
it is not so, it is surely better to acquire a certain power of 
observation, than the ability to repeat uncomprehended for- 
mulas. 

As regards detail, the supplementary, laljoratory notes 
have been revised and extended, and will be found to em^ 
body 'an ample course of practical work. After due consider- 
ation it has been decided to retain them in their original 
position ; minute details of quantity and manipulation belong 
to the laboratory, and not to the study, and reference to 
the end of the book has not proved to be inconvenient, but 
to afford a useful and easy exercise in collation. A short 
summary of operations and agents will be found at the end 
of these notes. The full synoptical charts have now been 
extended throughout the book ; their utility as a means of 
expressing complex interrelations is too obvious to need com- 
ment. 

The author takes this opportunity of thanking his cor- 
respondents for their kindly suggestions and criticisms, 
which he has borne in mind throughout the revision. 

Guy's Hospital, 

London Bridge, 

August, 1905. 

Addendum : December, 1910. — in fe-printing another issue 
of the Second Edition opportunity has been taken to correct 
various slips and misprints, to which for the most part attention 
has been dra,wn by teachers and students using the bock. 
The author takes this opportunity of thanking these cor- 
respondents for their courtesy and kindly interest. 



CONTENTS 

INTRODUCTORY 

^.-Organic and Inorganic Chemistry— 2. Method of Study, p, i 

FART I 

TYPICAL COMPOUNDS OF SIMPLE CONSTITUTION 

SECTION 7.— THE ALCOHOLS AND ACIDS : ORGANIC 
RADICALS 

CHAPTER I.— Freparatian of Pure Alcohol. 

3. Alcohol or Spirit of Wine ; Distillation — 4. Purification of Alcohol : 
Fractional Distillation or Rectification— 5. Absolute Alcohol — 
6. Criteria of Purity— 7. Synopsis. p. 3 

CHAPTER n.— Analysis of Alcohol and DetermlnatloQ of its Formula. 

General Actions of Alcohol : Necessity of Analysis — 9. Detection and 
Estimation of Carbon and Hydrogen — 10. Calculation of Percentage 
Composition — ii. Calculation of Empirical Formula — 12. Deter- 
mination of Vapour Density and Molecular Weight — 13. Determina- 
tion of Molecular Formula from Vapour Density — 14. Other Methods 
of Determining Molecular Weight : the Cryoscopic Method — 15. 
Synopsis. p. 9 


CHAPTER III.— Chemical Natore of AlcohoL 
16. Action of Sodium on Alcohol : Sodium Ethoxide — 17. Analysis of 
Sodium Ethoxide ; Detection of Carbon and Hydrogen in Uninflam- 
mable Compounds — 18. Hydrolysis of Sodium Ethoxide : Rational 
Formula of Alcohol— 19. Isolation and Recognition of Small Quanti- 
ties — 20. Action of Phosphorus Halides on Alcohol : Ethyl Bromide 
and Iodide — 21. Detection and Estimation of Halogen — 22- Relation 
of Ethyl Bromide and Iodide to Alcohol : Second Rational Formula — 
23. Ethyl Chloride — 24. Synopsis. p* 16 

CHAPTER IV.-Tlw Ethyl Badlwd. 

35. The Ethyl Sulphates — 26. Ethyl Oxide : Common Ether— 27. The 
" Ethyl Radical : Alkylic Hydroxyl — a'S. Synopsis and Chart. p. 25 



viii 


Contents 


CHAPTER T.— Prepawtion and Compasltlon a! Aeetie AcW. 

29. Oxidation of Alcohol to Acetic Acid : Vinegar and Wood Vinegar — 
30. Purification of Acetic Acid ; Cryst^lisation : Glacial Acetic 
Acid — 31. Composition and Formula of Acetic Acid : Determi* 
nation of Molecular Weight by Silver Method — 32. Synopsis. p. 32 

CHAPTER VI.— Chemical Kafuia ol Acetic Acid : the Acetyl Radical. 

33. The MefaiUic Acetates : Rati^al Formula of Acetic Add— -34. Action 
of Phosphorus Chlorides on Acetic Acid : Acetyl Chloride : Second 
Rational Formula of Acetic Acid— 35. Acetyl Oxide— 36. Indirect 
Reduction of Acetic Acid to Alcohol— 37. The Acetyl Radical : 
Acidic Hydroxyl— 38. Synopsis and Chart. p. 36 

CHAPTER VII. — Ethyl Acetate. 

39, Preparation of Ethyl Acetate— 40. Composition and Formula of 
Ethyl Acetate : its Hydrolysis— 41. Action of Acetyl Chloride and 
Acetic Anhydride on Alcohol ; Differentiation of Alkylic from Acidic 
Hydroxyl— 42. Synopsis and Chart. ^,41 

CHAPTER' VIII. — The Alcohols and Acids ol the Acetic Series. 

43. Methyl Alcohol and the Methyl Radical — 44. Formic Acid and the 
Formates— 45. Prppyl Alcohol. Propionic Acid, and the Higher 
Alcohols and Acids— 46. The Ethereal Salts and Mixed Ethers— 
47. Synopsis and Chart. 4^ 

CHAPTER, IX. — The Fatty Acids: Homology: Isomerism. 

48. Fats, Oils and Soaps— 49. Palmitic and Stearic Adds : Cetyl Alcohol 
— 50. Homologous Series: the Aliphatic Alcohols and Acids— 51. 
Isomerism and Metamerism— 52. Synopsis. p 


SECTION //.—SYNTHESIS AND MOLECULAR 
STRUCTURE 

CHAPTER X.— Acetamide and Ethylamlne. 

53. Acetamide— 54. Detection and Estimation of Nitrogen— 55 Relation 
of Acetamide to Acetic Acid and Ammonia: its Hydrolysis— 56. 
Acetonitrile— 57. Ethylamine— 58. Relation of Ethvlamiue to Alcohol 
and Ammonia: Distinction from Acetamide-59. Determination 
Molecular Weight by the Platinum Methqd— 60. Synopsis and Chart. 

CHAPTER XL— Thfi Cyanide Synthesis. 

61. Formamide : Forrnonitrile or Hydrogen Cyanide-62. Synthesis «f 
For^c Acid and Methyl Alcohol from Carbon-63. Methyl Cyanide • 
^nthesis of Acetic Acnd and Ethyl Alcohol : Third Rational Formula 
—64. Synthesis of the Higher Alcohols and Acids: the Higher 
Amides and NitnIe 3 - 65 . Synopsis and Chart 

CHAPTER XII.— Molecular Structure. 

«6. Constitution of Structure: Valeacy-67. Structure of the Aliphatic 



Contents 


IX 


Alcohols an^ Adds— 68. Structural and Constitutional Formulae— 
‘69. Cause of Homology and Metamerism — 70. Synopsis and Chart. 

^75 

SECTION 1 1 1. —THE SATURATED HYDROCARBONS 
AND THE THEORY OF SUBSTITUTION 

CHAPTER XU I. —Methane and its Substitution Producft. 

71. Methane or Marsh-Gas — 72. S3nithesis of Methane— 73. Chlorination 
of Methane : the Chi orome thanes : Chloroform — 74. The Brorao- 
raethanes and lodomethanes : Bromoform and Iodoform. — 75. Methyl 
Alcohol and its Oxidation Products : Hydroxyme thanes — 76. Synop- 
sis and Chart. p, 81 

CHAPTER XIV.— The Paraffins 1 Chain IsDmarism. 

77. Ethane — 78. The Methane or Paraffin Series : Saturated Compounds 
— ^79. Petroleum : Paraffin Oil and Wax — 80. Constitution of the 
Paraffins : I so- Paraffins ; Chain Isomerism — 81. Synopsis and 
Table. 91 


SECTION IE.— THE THEORY OF STRUCTURE 
DEVELOPED 

CHAPTER XV.-The Aldehydes. 

82, Oxidation of Alcohol and Reduction of Acetic Acid to Aldehyde — 

83. Oxidation of Aldehyde to Acetic Acid and its Reduction to Alcohol 

84. Constitution of Aldehyde — 85. Additive Compounds, Polymerides 

and Condensation Products of Aldehyde — 86. The Aldehydes — 
87. Synopsis and Chart. p, 98 

CHAPTER XVI.— Tha Ketones and Secondary Alcohols. 

88. Acetone — 89, Additive Compounds and Condensation Products of 
Acetone — 90. Oxidation of Acetone : its Constitution — 91. Synthesis 
of Acetone from Methyl and Acetyl — 92. Reduction of Acetone to 
Secondary Propyl Alcohol ; Position Isomerism — 93. The Secondary 
Propyl Compounds — 94. The Ketones and Secondary Alcohols — 95. 
Synopsis and Chart. p, 107 

CHAPTER XVII. — Tha Four Butyl Alcohols and ihair Homologuas. 

-96. Normal and Secondary Butyl Alcohols — 97. Isobutyl Alcohol and 
Isobutyric Acid — 98. Tertiary Butyl Alcohol — 99. The Arayi Alcohols 
and Valeric Acids — 100. Synopsis and Chart. p. iiy 

CHAPTER XVIII^-^he Hydrooarbona as tha Basb of dassiflcatlon 
ioi« The Hydrocarbons as the Basis of Classification— 102. Ihteroational 
^Nom^clature with Illustrative Tables— I02tf. Application of Geneva 
Nomenclature to Complex Substitution Products. ia4 



X CofUents 

SECTION F.— THE UNSATURATED HYDROCARBONS 

CHAPTER XIX.-'Th? OteOnu. 

103. Ethylene — 104. Additive Compounds of Ethylene — 105. Constitution 
of Ethylene : Saturated and Unsatnrated Compounds — 106. The 
Olehnes — 107. Substitution Products of the Olefines — 108. Synopsis- 
and Chart. 128 


CHAPTER XX.— The Aeehrleoes. 

log. Acetylene — no. Derivatives of Acetylene: its Constitution — 
III* Horaolo^es of Acetylene — 112 . Synopsis and Chart. #'•135 


PART II . 

COMPLEX ALIPHATIC COMPOUNDS 

SECTION F/.— COMPLEX SUBSTITUTION PRODUCTS 
OF ETHANE 

CHAPTER XXL — Halogen Substitution Products. 

113. Simple and Complex Compounds— 1 14. The Halogen-Acetic Acids— 
115. Chloral and Chloral Hydrate— : 16. Influence of Halogen-Sub- 
stitution on the Properties of Compounds— 117. Homologues and 
Analogues of Chloral— 118. Synopsis and Chart. p, 140 

CHAPTER XXir.— Hydroxy-Suhstitutioa-Producta : The Glycol-OxaUe Series. 
119. Glycollic Acid-120, GlycoU 121. The Aldehydes of Glycol— 
122. Oxalic Acid-ias. The Oxalates-124. Oxamide : Oxamie 
Acid:CyMogenor OxalonitriIe-125. Relation of the Glycol-Oxalic 
Senes to Ethane— 136- Synopsis and Chart. p 

SECTION F//.— THREE-CARBON DERIVATIVES 

CHAPTER XXIIL— The GJyeerol-Mesoialie Series, 

137. Glycerol-138. Ethereal Salts of Glycerol :tli^Glycerides-r^o 
Oxidation Products of Glycerol— 130. Synopsis and Chart. 'p. 160 


131 


CHAPTER. XXIV.— The Uasaturated Alcohols and Acids. 

Alcohol and its Derivatives-132. Acrolein and Acrylic Acid • 
Crotonic Acids-133. The Acrylic Series : Oleic Add-rq! 1' 

Alcohol: Propiolic Aldehyde and Acid-135. S^opsis 

p. 

CHAPTER XXV.-The Four U.tie Adds: Stereohomerism. 

-^6. yeroientation ^tic Acid— 137. Constitution oi Lactic 

Hydt^o Aotd-139.. The Active Lactic Aeida : OptS ISrttv 
I+O. The Asymmetrical Carbon Atom : SoUd FormuL_i« 
.faomensni-143. Synopsis and Ch^ 



Contents si 

Motion r/zj.— four-cabbon derivatives 

CHAPTER XXVL — The Acetoacelle Sjnthesfi. 

143. Ethyl Acetoacetate — 144. Ethyl Sodacetoacetate ;Enolic and Ketonic 
Forms of Eth^ Acetoacetate — 145- The Acetoacetic Synthesis of 
Substituted Acetic Acids and Acetones — 146. Molecular Condensation 
— 147. Synopsis and Chart. 183 

CHAPTER XXyiL— The Saturated Dlbaale Acids* 

J48. Malonic Acid — 148®. The Malonic Acid Synthesis — 149. Succinic 
Acid — 150. Derivatives of Succifiic Acid — 15 1. The Lactones — 
152. The Succinic Series of Acids — 153. Synopsis and Chart, p. 191 

CHAPTER XXVIIL—Tha Unaaturatel Dibasic Aciite. 

154. Maleic and Fumaric Acids— 155. Stereoisomerism, of Ethylene 
Dadvatives — 156. Acetylene-dicarboxylic Acid — 157. Synopsis and 
Chart. p. 201 

CHAPTER XXIX.— The Vegetable Acids. 

158. The Malic Acids : Oxalacetic Acid — 159. Tartaric Acid — 160. Dihy- 
droxymaleic and Dihydroxy tartaric Acids — 161. Racemic and Meso- 
Tartaric Acids — 162. Laevo-Tartaric Acid — 163. The Isomerism of 
the Tartaric Acids — 1G4. Citric Acid — 165. Synthesis of Citric Acid — 
i66« Synopsis and Chart. p. 206 


SECTION /X— SIX-CARBON BERIVATIVES^ 

CHAPTER XXX. — The Carbohydrates: Sugars. 

167. Cane Sugar — 168. Glucose — 169. Fructose — 170. Milk Sugar and 
Malt Sugar : Galactose — 171. The Glucosides— 172. Fermentation — 
173. Enzymes — 174. Selective Action of Enzymes — 175. Synopsis 
and Chart. ^ p> 217 

CHAPTER XXXL— The Carbohydrates : Starch and Cellulose. 

176. The Starches — 177. The Dextrins and Gums — 178. The Celluloses— 
179 ' Synopsis and Chart. p, 227 

CHAPTER XXXII.-The Constitution of the Sugars. 

180. Reduction of Glucose to Sorbitol and Hexane — 181. Oxidation of 
Glucose : its Constitution — 182. Constitution of Fructose : Mannitol 
—183. Constitution of the Complex Carbohydrates — 184. Synopsis 
and Chart. P* 232 

CHAPTER XXXIII.-Synlhesls of the Sugars. 

185. Glucosa^me : Cmi version of Giucose into Fructose — 186, Mannosa 
aad Mamionic Acid — 187. Synthesis of Glucose and Fructosen— 
188.. Synthesis, of Uie Aldoses— 189* Degradation oi the Aldoses— 
X90* Synopsis and Chart. 

' ' : ' ■ yT., 



xii 


Contents 


SECTION X.— ALIPHATIC DERIVATIVES OF " 

• NITROGE?^, ETC. 

CHAPTER XXXIV.-CarbamHB, 

191. Urea or Cartfamtde — 192. Synthesis of Urea~i93. Condensation 
Products of Urea — 194. Synopsis and Chart. p. 245 


CHAPTER ^XXXV.—The Purine Group. 

195. Uric Acid — 196. The Ureides — 197. Constitution and Synthesis oi 
Uric Acid ; Purine — 198. Theobromine and Caffeine — 199. Synthesis 
of Theobromine and Caffeine — 200. Synopsis and Chart. p, 250 

CHAPTER XXXVL— Cyanogeu Compounds; The Cyanides. 

aoi. The Simplle and Double Metallic Cyanides — 202. The Complex 
Metallic Cyanides— 203. The Alkyl Cyanides— 204. Mechanism oi 
the Cyanide Synthesis— 205. Formonitrile and the Metallic Cyanides 
— 206. Synopsis and Chart. p. 258 


CHAPTER XXXVII.— Cyanogen Compounds 1 The Cyanatos and Related 
Compounds. 

207. The Metailic and Alkylic Cyanatos : Cyanic Acid— 208. The Cyan- 
urates — 209. The Fulminates — 210, The Thiocyanates and Thiocar- 
bimides — 211. Synopsis and Chart. p. 266 


CHAPTER XXXVIII.'-rTho Amines and Ammonium Derivatives. 

212. Ihe Primary Amines — 213. The Secondary and Tertiary Amines' — 
214. The Quaternary Ammonium Compounds : Stereoisomerism of 
Nitrogen Compounds— 215. The Diamines— 216. Synopsis and Chart. 

P ‘ 273 

CHAPTER XXXIX. — The Primary Amino-Acids and their Derivatives. 

217. Amino-Acetic Acid— 218. Derivatives of Amino-Acetic Acid— 219. 
Ethyl Diazoacetate: Diazomethane — 220. Higher Amino-Acids— 
221. Dibasic Amino- Acids— 222. The Proteins : Albumen and De- 
rived Compounds— 223. Constitution of the Proteins ; Synthetic 
Polypeptides— 224. Albuminoids— 225. Synopsis and Chart, p. 282 


CHAPTER XL. — Complex Amino-Compounds. 

226. The Quaternary Amino-Acids and Related Compoimds— 227 The 
Amidines and Imino -ethers— 228. Creatine and Creatinine— 22 a 
Synopsis. 

p. 293 

CHAPTER XLI. — Oxy-Nitrogon Compounds. 

230. The Alkyl Nitrates and Nitrites— 231. The Nitro-Paraffins— 2^2 Th<. 
Isorntro-Paraflins— 233. Complex Nitro- Compounds — 234. oimes 
and Allied Compounds— 235. Synopsis and Chart. 

CHAPTiirK XLII.— Compounds ol Phosphorus, Sulphur, Motads, efe. 

The Arsines, Stibhies and Bismutbines- 
1 Compounds— 239. T2ie Sulphides 

^•306 



Contents 


xiii 

PART in 

AROMATIC OR RING COMPOUNDS 

SECTION Z/.— BENZENE AND THE PHENYL 
RADICAL^ 

CHAPTER XLIII.— Benzene and iti Substitution Pioduots. 

:242. The Benzenoid Group of Compounds — 243. Separation of Benzent 
from Coal Tar — 244. The Bromobenzenes — 245. Other Halogen 
Benzenes : Benzene Hexachioride — 246. Nitrobenzene — 247. Ben- 
zene-Sulphonic Acid — 248. Synopsis and Chart. 313 

CHAPTER XLIV.-Anfllne. 

4249. Aniline — 250. The Methyl-Anilines and Phenylamines — 251. Acetani- 
lide : Anilides — 252. Substitution Products of Aniline— 253. Synopsis 
and Chart. p. 32a 

CHAPTER XLV.— Phenol : The Phenyl Radical. 

^54. Phenol — 255. Conversion of Benzene mto Phenol — 256* The Phenyl 
Radical : Aryi Radicals — 257. Synopsis and Chart. p. 328 

CHAPTER XLVI.— Diazonium and Related Compounds. 

258. Benzenediazonium Salts — 239. The Diazotates : Nitrosamines and 
Nitramines — 260. The Hiazonium Interactions — 261. Phenylhydra- 
zine — 262. Synopsis and Chart. p. 333 

CHAPTER XLVIL— Nitrosobenzene and Allied Compounds, 

^263. Nitrosobenzene and Phetiylhydroxylamine — 264. lodosobenzencr 
I odoxy benzene and lodonium Bases— 265. Phenylazoimide ; Hydra- 
zine and Azoimide — 266. Synopsis and Chart. p» 341 

SECTION A//.— THE BENZYL-BENZOIC GROUP 

CHAPTER XLVI 1 1 . —Benzoic Acid : The Bonsoyl Radical 

:267. Benzoic Acid — 268. Acid Derivatives of Benzoic Acid : the Benzoyl 
Radical — -269. Perbenzoic Acid — 270, Benzoylation of Alcohols and 
Amines — 271. Benzamide and Ilippuric Acid — 272. Benzophenone 
and Acetophenone : Transformation of Oximes into Anilides-.- 
273. Substitution Products of Benzoic Acid— 274 - Synopsis and 
Chart. p. 345 

CHAPTER XLD^— Bonzoldehyde : The Bonaal Radical. 

•3175. Benzaldehyde and the Benzal Radical — 276. Additive Compounds 
and Condensation , Products of Benzaldehyde — 277. Substitution 
Products of Benzaldehyde— 278. Synopsis and Chart. p, 355 

CHAPTER L.— Toluene : The Benzyl Radical. 

^79. Tcineas — 280. The Benzyl Radical ; Toluene as Phenyl-methane— 



j^y Contents 

j8i. Benzylamine and Phenylnitromethane-aSj. Phenyl-acetio and 
Mandelic Acids— 283. Synopsis and Chart. P* 359 

CHAPTER LI. —Constitution of Bonzone. 

284. The Ring Formula—285. Isomerides of Benzene— 286. 

CHAPTER LIL— Tho Cyeloparoffins and thoir Derivatives. 

287. The Naphthenes ; Hexahydrobenzene-288. Trimethylene ^ and 'the 
Cycloparaffins : The Tension Hypothesis— 2897 Synthetic Cyclo- 
paraffinoid Compounds — 290. Cyclo-Olefines : Partially Reduced 
Benzenes — 291. Synopsis and Chart. P* 37 *^ 

SECTION XIIl.—TUE POLY-SUBSTITUTION 
PRODUCTS OF BENZENE 

CHAPTER Llll.—Complex Nltro- and Amino-Compounds. 

292. The Poly-Nitrobenzenes— 293. The Nitranilines : Influence of Sub- 
stituent Groups— 294. The Nitro- and Amino- Phenols— 295* The Poly- 
Nitrophen^ : Picric Acid — 296. The Diamino- Benzenes — 297- Synop- 
sis and Chart. P -380 

CHAPTER LI V.— Tho Isomerism of the Benzene’ Poly-SnbstUution Prcdnote. 

298. The Ring Formula and Position Isomerism— 299. Orientation of 
Ortho-, Meta*, and Para-Compounds — 300. Positions taken up by 
Entering Groups : their Influence — 301. Synopsis and Chart, p. 389 

CHAPTER LV.— The Polyphenols and Quinones. 

302. Resorcinol— 303. Catechol and Quinol— 304. Quinone and the 
Quinones — 305. The Triphenols — 306. Reduction Products of the 
Polyphenols : the Succino -Succinic Synthesis— 307. Synopsis and 
Chart. P-S 97 

CHAPTER LVL— Tho FheiioLc Aelds. 

308. Salicylic Acid and its Aldehyde and Alcohol — 309- Constitution, of 
Salicylic Aciduits Isomerides — 310. Protocatechuic Acid and its 
Derivatives — 311. Gallic Acid and Tannin — 312. Synopsis and Chart. 

' p. 406 

SECTION Z/F.— THE METHYL-BENZENES AND 
THEIR DERIVATIVES AND ANALOGUES 

CHAPTER LVII.— The Cresols and Toluidines : Toluene as Hethyl-Beozene. 
313, The Halogen Toluenes — 314. The Toluene- Sulphonic Acids — 315. The 
Cresols — 316. The Nitrotoluenes — 317. The Toluidines — 318. Pre- 
paration of Toluene Meta-Derivatives — 319. Additive Compounds of 
'Toluene — 320. Synopsis and Thart. P-4r5 

^ CHAPTER LVIII.— The Tolulc and PhfliaUe Aolds fend the Xylesm. 
321. 'ni^Toluic Acids— 322. The Xyleiies rXylenol— ^3. Q|dentati<m ol 



Contents 


XV 

the Xylenes and Meta-Compounds — 324. Fhtbalic Acid^and Anhy- 
dride — 335. Isophthalic and Terephthalic Acids— 336. The Reduced: 
Phthalic Adds — 327. Synopsis and Chart. p. 423 

CHAPTER LIX.— The Polymethyl-BwiMBW. 

338. Mesitylene — 329. Orientation of Mesitylene and Meta -Compounds — 
330. The Higher Methyl Benzenes — 331. Synopsis and Chart. ^'■435' 

SECTION THE HIGHER ALKYL-BENZENE 
DERIVATT^S : BRIDGED-RING COMPOUNDS 

CHAPTER LX.— The CianBmIo Group : Indigo. 

332. Cinnamic Add — 333. Substitution Products of Cinnamic Add- — 
334. Phenyl-Ethane, Phenyl-Ethylene and Phenyl-Acetylene — 
355 - Hydrodnnamic Add: Tyrosine — 336. Phenyl-Propiolic Acid — 
.337. Indigo — 338. Isatin and Indoxyl — 339. Synopsis and Chart. 

* P * 441 

CHAPTER LX I. —The T^rpenos : Csmphano Group. 

340. Turpentine and the Pinenes : Cymcne — 341. Camphor ^nd Camphoric 
Add — 342. Constitution of Camphoric Acid and Camphor — 343 
Synthesis of Camphoric Add and Camphor — 344. The Bomcols and 
Camphenes : Camphane — 345 Fenchone and Fencheiie — 346. S3niop- 
sis and Chart. ^- 452 

CHAPTER LXII.“Th« Terpenes : Menthane and Oledno Groups. 

347. The Limonenes : Terpin Hydrate and Terpineol — 348. The Olefinic 
(Open-Chain) Terpenes— 349. Constitution and Synthesis of Limonene; 
Menthol and Menthane— 350. Constitution of the Pinenes — 351. The 
Poly terpenes and Hemi terpenes : Resins — 352. Synopsis and Chart. 

P- 46^ 


SECTION A7/.— MULTIPLE-RING COMPOUNDS 

CHAPTER LX 1 1 1 . —Diphenyl, Dlphenylmethane and D^henylethane. 

353. Diphenyl : Benzidine — 354. Diphenylmethane — 355. Dibenzyl : Ben- 
zoin — 356. Benzil : Stereoisomerism of Oximes — 337* Stilbene and 
Tolane — 358. Synopsis and Chart. p. 473 

CHAPTER LXIV.— The Triphenylmethane Group : The RosanlUnes. 

339. The Rosanihnes— 360. Dyes and Mordants— 361. Constitution of the 
Rosanilines; Triphenylmethane — 362. Synthesis of Pararosaniline 
from Triphenylmethane : Quinonold Structure — 363. Synopsis and 
Chart, ^*479 

CHAPTER X.XV.— The Triphenylmethane Gronp : Rosanfllne Derivaflree and 
Phthtfeiat; 

364. The Alkyl Rusamlines—365. The Phenyl Rr^anilines— 3^6. Malachite 
Green j Colour of Aniline Dyes-— 367« The Phthaldtas— 368. Synop- 
dsah^ Chart. ^ ^.486- 



Contents 


xvi 


CHAPTER LXVI.-Naphthalftne. 

369. Naphthalene and its Halogen and Alkyl Derivatives — 370. TheNitro- 
Naphthalenes and Naphthalene-Sulphonic Acids — 371. The Naphthyl- 
amines and Naphthols — 372. Constitution of Naphthalene — 373. The 
Naphthoquinones — 374. Synopsis and Chart. p. 494 

CHAPTER LX Vn.— Anthracene and Analogous Hydrocarbons, 

575. Anthracene and Anthraquinone — 376. Alizarin — 377. Constitution 
and Synthesis of Alizarin — 378. Phenanthrene, Chrysene and Picene — 
379. Synopsis and Chart. p. 503 

CHAPTER LXVIII.— The Azo-Compounds. 

380. Azoxy benzene, Azobenzene and Hydrazobenzene— 381. Amino- 
azobenzene : Colour of Azo-Compounds — 382. Benzene Azo-Dyes — 
383. Naphthalene Azo-Compounds — 384. Bisazo- or Tetrazo-Com- 
pounds — 385,. Synopsis and Chart.' 510 


SECTION ATF//.— HETERONUCLEAL COMPOUNDS 

CHAPTER LXIX.— pyridine and the Quinolines. 

386. Quinoline — 387. Pyridine — 388. Piperidine — 389. Constitution of 
Quinoline— 390. Isoquinoline — 391. Synopsis and Chart. p. 520 


CHAPTER LXX.— Derivatives of Pyridine and Quinoline. 

392. The Methyl-Pyridines — 393. Pyridine and Piperidine Substitution 
Products — 394. Derivatives and Analogues of Quinoline — 395. Synop- 
sis. p, 527 


CHAPTER LXXI.— The Vegetable Alkaloids : Conine and the Tropine and Cinchona 
Groups. 

396. Conine — 397. Nicotine — 398. The Tropine Alkaloids : Cocaine— 
399. The Cinchona Alkaloids — 400. Constitution of Quinine and 
Cinchonine—401. Synopsis and Chart. p, 533 


• CHAPTER LXX 11 . —The Vegetable Alkaloids ; Nui Vomica and Opium. 
402. The Nux Vomica Alkaloids — 403. The Opium Alkaloids : Morphine 
and Codeine— 404. Papaverine and Narcotine— 405. Synopsis and 
Chart. P‘ 5 A^ 

CHAPTER LXXIII. — The Thiophene-Pyrrole and other Heteronnelet^ Groups. 
406. Thiophene : Furfurane.— 407. Pjuirole and Pyrrolidine ; Indole— 
408. The Azoles— 409. Pyrone and Pyridone Derivatives :Oxonium 
Compounds — 410. Synopsis. a, e.g 


APPENDIX 

Supplementary Laboratory Notes, p> 559, 

559-Part 1 . 56 i-Part*Il, 581-Part III, 597, 



Contents jcvit 

Eammai; ot Operations and Agents, p, 6 ij 

Purification, 615 — Oxidation and Reduction, 616 — Etherification, 617 — 
Hydrolysis and Hydration, 617 — Halogen Substitution, 618 — ^Nitra- 
tion, Ainino-Substitution and Sulphonation, 619 — Additive Actions,. 
619— Direct Decompositions, 620 — Dehydration, Dehalogenation and 
Condensation, 620 — Synthetic Methods, 621. 

Qaalitative Analysis, 622, 

Name Index, p. 625 ; Sabjeet Index, p, 629* 

SYNOPTICAL CHARTS 

PART I 

TYPICAL COMPOUNDS OF SIMPLE 
CONSTITUTION 


Alcohol and the Ethyl Radical .... 


PAGE- 

3 r 

Acetic Acid and the Acetyl Radical . 


40 

Ethyl Acetate . 


. 44 

Methyl Alcohol and Formic Acid ... 


. 52 

Acetamide and Ethylamine . . . 


. 68 

Synthesis of the Aliphatic Alcohols and Acids 


■ 74 

Experimental Basis of Structural Formulae . 


80 

Methane and its Substitution Products 


90 

Aldehyde ........ 


. 106 

Acetone and Secondary Propyl Alcohol 


. . 116 

The Four Butyl Alcohols ..... 


. 123 

The Hydrocarleons as the Basis of Classification . 


. 126, 127 

Ethylene ........ 


• 134 

Acetylene 


• 139 

PART II 



COMPLEX ALIPHATIC COMPOUNDS 

Halogen Substitution- Products of the Ethyl- Acetic Series 

. . I 4 fi 

The Complex Hydroxy -Ethanes .... 


• 159 

Glycerol 


. . 166 

The Unsaturated Alcohols and Acids . 


• • 1/^3 

The Four Lactic Acids ..... 


. . 182 

Ethyl Acetoacetate and the Acetoacetic Synthesis . 


. . 190 

Malonic and Succinic Acids .... 


, . 200 

The Unsaturated Dibasic Acids .... 


. . 205 

The Alcoholic Dibasic Acids . . ; 


. 216^ 

The Natural Sugars 


. - 226- 

Starch and Cellulose . , * . 


* • 2.31 



xviii Synoptical Charts 


PAGE. 

‘Coostitutlon of Glucose and Fructose • . . » . . 237 

Synthesis of the Natural Hexoses . . ... . 244 

Urea . . ... , . . . . . 249 

The Purine Group . . , . . . . . 257 

The Cyanides . . . 265 

The Cy^nates and Related Compounds . . . . . 272 

The Amines and Ammonium Derivatives a8i 

Amino-Acetic Acid . . ... . . 292 

Nitroethane and Related Compounds , . , . , . 305 


PART ill 

AROMATIC OR RING COMPOUNDS 

'Benzene and its Direct Suljstitution Products . » , 

Aniline . . 

Phenol and the Phenyl Radical . . , . * ^ • 

Diazoniiim and Related Compounds . . . , 

Nitrospbenzeue ahd Phenylhydroxylamine , , . , 

Benzoic Acid : tlie Benzoyl Radical . . * . 

Benzaldehyde : tlft Benzal Radical . . , 

Toluene as Phenylmethane : the Befizyl Radical . 

Cyclohexane and its Derivatives . , . 

The Complect Nitro- and Amino-Derivatives of Benzene . 
Isomerism of the Benzene Poly- Substitution Products , 

The Polyphenols and Quinone . 

The Phenolic Acids 

Toluene as Methyl-Benzene ..... 

"Tho Toluic and Phthalie Acids and the Xylenes . *, 1 

Mesitylene . . . . , . 

The Cinnamic Group . 

The Camphane Terpenes .... , ] ’ 

The Menthane and Open-Chain Terpenes . 1 ! ! 

Diphenylmethane and Diphenylethane 

Constitution of Par^osaniline 

Rosaniline Derivatives and Phthalems . | 

Naphthalene ... ... * * ' 

Anthracene and Alizarin , . . , ■ ’ * 

TheJlzo-Compounds . 

Pyridine and the Quinolines 

Synthesis of Conine -...*.**** 
Constitution of Papaverine. 


321 

327 

332 

34*0 

344 

354 

358 

365 

379 

388 

396 

405 

414 

422 

434 

440 

451 

462 

472 

478 

485 

493 

502 

509 

519 

526 

541 

547 



PHOTOGRAPHIC ILLUSTRATIOlvS 


PAGE 


i^r(^»i^i5/>iVc«.:—Ijebig-.Wurtz Distilling Apparatus. 

Fig. I. — Voung’s Pear Still-head . ’ . . . . • 

Fig. 2. — Dehy^ation of Rectified Spirit . . . - - 

Fig. 3. — Estimatioa of Carbon and Hydrogen by Combustion with 
'Co^^r Oxide . . • r * 

Fig. 4. — Determination of Vapour Density by Air- Displacement 
Method . . . . . . . . . 

Ffg. 5.— Distillation of Small Quantities . . - . 

Fig. 6. — Separatory Funnel . . . . . " . ^ 

Fig. 7. — Tube-Furnace add Sealed Tubes 

Fig. 8. — Reflux Apparatus . . , . ^ 

Fig. 9. — Buchner Funnel . 

Fig. 10. — Continuous Ether Process . . . * • 

Fig. II. — Capped Bottle . . . . . ^ 

Fig. 12. — Determination of Melting-Point by Capillary Tube Method 
Fig. 13. — Estimation of Nitrogen by Combustion with Copper Oxfde 

Fig. 14. — Preparation of Pure Ethylamine 

Fig. 15, — Preparation of Chloroform . . . 

Fig. 16. — Preparation of Aldehyde- Ammonia 

Fig. 17. — Dry or Destructiv^Distillation ..... 

Fig. 18. — Bromination of Acetic Acid . . . . 

Fig. 19. — Stereoisomerism of the Lactic Acids .... 

Fig. 20. — Distillation under Reduced Pressure » . . 

Fig. 21. — Distillation with Steam ...... 

Fig. 22. — Disti^ition ef Liquids of High Boiling-Point . 

Fig 23.— Dist^^ion of Solvent after Extraction with Ether . 

Fig. 24. — Stereoisomerism of Reduced Cyclic Compounds • 


6 

7 

10 

1+ 

iS 
^ 19 
20 
22 
26 
'^28 
37 
55 
61 
64. 
84 

99 

108 

143 

180 

1.84 

315 

317 

3^3 

431 


And numerous diagrams in the text. 



If more were willing to regard the advance- 
ment of philosophy, than their own reputa- 
tions, it were easy to make them sensible, 
that one of the most considerable services 
they could do the world, is to set themselves 
diligfgntly to make experiments, and collect 
observations, vrit^out attempting to establish 
theories upon them, before they have taken 
notice of all the phenomena that are to be 
solved, — R obert -Boyle, Sceptical Chv- 
Oxford, i66i. 



INTRODUCTORY 


1. Ojtganic and Inorganic Chemistry- — Organic Chemistry is the 
Chemistry of Carbon Compounds. Up to the' end of. the 
eighteenth century there seemed a sharp line of demarcation 
between the transitory products formed in living organisms, 
and the relatively permanent mineral compounds. Not only 
were the organic products liable to change, but once changed 
they could not be formed again by artificial methods ; all 
attempts to reconstruct them in the laboratory proved un- 
availing, and it seemed that the forms of matter associated 
withiife were beyond the scope of ordinary chemical laws. 

The' successive discovery that thpse compounds contained 
carbon (Lavoisier, 1794), and were composed according to the 
same laws of definite and multiple proportions as those derived 
from minerals (Dalton, Berzelius,* 1808-18 18) rendered this 
view untenable ; and when typical organic compounds such 
as urea (Wohler, 1821) and acetic acid (Melsens, Kolbe, 
1842-44) were made* from inorganic materials, the 
apparent difference between the two great classes . finally 
disappeared. ' 

At the present time all organic compounds of simple con- 
stitution can be made artificially in the laboratory, and 
although many exceptions remain among the more compli- 
cated they are steadily diminishing in number^ and will no 
doubt eventually conform to the general rule. 

A separate classification is nevertheless convenient. The 
simpler organic compounds approximate to the common 
inorganic types, such as acids, bases and salts, but the majority 
of them are without counterpart, and being derived from a 
single element are related to one another in a peculiarly intri- 
.cate manner. Their number and diversity moreover — up- 
wards 0f^200j000 are known — render their inclusion in a text- 
I book of general chemistry impracticable. 


B 
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2. Method ol Study.— Organic Chemistry is not a difficult 
subject when studied in the right way, but it requires patience 
and perseverance, The student is apt to be discouraged 
at first by his apparently slow progress; he may rest assured, 
however, that straightforward work in the laboratory will in 
due time bring its reward. 

At the outset, the results seem disconnected, the theory 
somewhat intangible, and the facts difficult to retain. This 
is simply due to want of familiarity, and as laboratory experi- 
ence is gained, and connections and analogies reveal them- 
selves, the theoretical basis of the science gradually becomes 
concrete, and indispensable. Eventually, a moment arrives 
when* some fresh observation or idea acts as a crystal to a 
refractory 33rrup, and the whole subject rapidly assumes a 
well-ordered, regular aspect. 

It is only the first step which gives trouble ; once the stu- 
dent has realized the wonderful logic of the science, his work 
ceases to be a labour. If he bears in mind the symbolic as- 
pect of the subject while working at the bench, he will never 
lack material with which to clothe and vivify the symbols in 
the study ; and it is such union of practice and theory which 
conslUules true knowledge. 

The large number of names and formulae and apparent phyacal 
similarity of the simpler organic compounds, are confusing to the 
beginner, whose progress is therefore soon arrested unless he proceeds sys- 
tematically on some very definite plan. Facility is most readily gained 
DV the thorough study of a small selection of types, and, for this reason, we 
shall at once enter on the detailed consideration of representative sub- 
stances, only venturing to generalise as we become familiar with the 
preparation, character and transformations of a sulficient number. 

The names enclosed in parentheses throughout this book indicate the 
chemist who first prepared a substance, or obtained it in a state of purity ; 
or who devised a process or apparatus, or explained a reaction. ■♦The 
dates are those of the years in which the account of the work was pub- 
lished. ^ Since about 1875, abstracts of all chemical papers of importance 
have been publfehed regularly in the Journal of the Chemical Society, on 
reference to which for the particular year (or in some cases, the following 
year), a short account of the work will usually be found, as well as a 
reference to the original paper. Refc^wices to papers pubhshed before 
that date are given in Watts* Dictionary of Chmisiry and Beilstein’s 
Handbuch dsr Organischcn Chtmie^ Students who wish to pursue chemistry 
ser^usly, should lose no opportunity of reading original papers, not 'only 
in Engli^, but also in other languages, especially German and French. 



PART I 

Typical Compounds of Simple 
Constitution 

SECTION^ 

THE ALCOHOLS AND ACIDS : ORGANIC RADICALS 

CHAPTER I 

PREPARATION OF PURE ALCOHOI. 

. 3. Alcohol or Spirit ot Wine : DisUHation. — Sweet liquids such 
as grape-juice cannot be kept unaltered in their natural state 
without special precautions, and under ordinary circumstances 
soon undergo a chemical change known as fermentation 
(§172). The liquid loses its sweetness and acquires intoxi- 
cating properties, and large quantities of carbon dioxide 
generated during the whole course of the change. On boilii%^ 
such a fermented product briskly in an open vessel it rapidly 
loses the newly acquired property, but the evolved vapour 
when cooled condenses to a liquid, which contains the active 
constituent in a more concentrated form. This condensed 
liquid, which is inflammable and considerably lighter than 
water, is known a '5 spirit of wine. The active constituent of 
the spirit is called alcohol ; spirit of wine being simply alcohol 
somewhat diluted with water. Beer contains 4 or 5 per cent. ' 
of alcohol, and heavy wines as much as 20 per cent. 

Spirit of wine* was first prepared by some Arabian alchemists in the 
eleventh century, and the various “spirits’* of commerce, which are 
more or less diluted modifications, suitably flavoured and coloured, are 
made at the present day by essentially the same *^ocess. The strong 
spirit used for chemical and manufacturing purposes, is generally, made 
from sugar derived from potato starch (§172), and when rendered unfit 
* the matter in ^nall type may be omitted OQ a first rea4Gi^t 
a 
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for human consumption by admixture with crude wood spirit (§43} an'd 
paraffin oil {§ 79), is allowed to pass free of duty under the name of de- 
natured or methylated spirit. 


The spirit stills used in factories are too bulky and com- 
plicated for laboratory purposes, and a much simpler distilling 
apparatus is employed in chemical investigations (see Frontis- 
piece). The principle is the same, however, and is identical 
with that of the common retort and receiver. The liquid is 
boiled in a flask, which is provided with a side-tube for the 
exit of the vapour, so that a thermometer may be placed in 
the neck to indicate the boiling-point (Wurtz, 1855) ; and as 
liquid carbon compounds like alcohol are often volatile, the 
long sloping condenser tube which leads to the receiver is 
surrounded by a jacket, so that it may be cooled with water 
when necessary (Liebig, 1832). 

. The flask is usually heated by a small Bunsen flame, from 
direct contact with which it is protected by a piece of fine wire 
gauze, but in distilling volatile inflammable liquids it is safer 
to use a water-bath. A sand-bath or bath of melted paraffin 
wax is also occasionally employed. The bulb of the ther- 
mometer is covered with a thin layer of fibrous material such 
as cotton-wool, so that it may not be superheated by hot gases 
from the flame ; when possible it is lowered until the whole of 
the mercury column is immersed in the vapour, but it must not 
project into the bulb of the flask. To secure uniform boiling 
two or three fragments of dry, porous earthenware are placed 
in the liquid. 

The distillation serves in this case the double purpose of 
purification and identification. In the first place the volatile 
alcohol is obtained entirely free from dissolved solids and 
colouring matter ; and in the second place the presence of a 
volatile constituent and concurrent distillation of water, are 
indicated by the steady rise of the boiling-point until it 
reaches loo'*. Distillation is always used for one or other 
of these purposes. 


4. Purification ol Alcohol ; Fractional Distillation or Rectifica- 
tloii.-~The separation of the water is a more complicated pro- 
ems. As the boiling-point rises steadily during the distillatioa. 
It IS obvious that the distillate is a mixture, and this conclusion 
is confirmed by collecting it in separate portions or fractions, 
The early fractions not only boil at a lower temperature than 
the later ones, but their specific gravity is lower, and gradually 
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increases as the distillation progresses, until the last fraction 
is nearly as dense as water. It is evidently possible by redis- 
tilling these fractions to effect a further separation of the two 
liquids, and such asystemati6 distillation is known as fractional 
distillation or rectification. 

The mixture in the first place is steadily distilled almost to dryness, 
the successive fractions being collected in separate receivers according to 
their boiling points. 

First fractionation of a mixtttre of 50 c.c. of alcohol and 50 c,c, of water. 


Fraction ■ . 

x- 82“ (head) 

82-87“ 

87-92“ 

9^'97“ 

9?-x“ ftail) 

Volume . . 

20 C.C. 

16 C.C. 

13 c.c. 

i 

21 C.C. 

29 C.C 


The fractions are then redistilled, but owing tb their altered composition 
no longer pass entirely over at the original temperatures. The composition 
of the vapour from the boiling liquid is governed by ‘the condition that 
its total vapouT’pressure is equal to that of the atmosphere 5 hence, as 
at any particular temperature the vapour-pressure of the alcohol is greater 
than that of the less volatile water, the proportion of alcohol in the vapour 
is greater than in the boiling liquid. The weaker the liquid is in alcohol, 
the greater the disparity. Alcohol thus distils the faster from the stronger 
fractions, and water from the weaker, so that the result of the second 
fractionation is to increase the bulk of the end fractions at the expense of 
the intermediate ones. 


Second fractionation. 


Fraction . 

. 1 x-S2“ (bead) 

1 

82-87“ 1 

87-92“ 1 


97-x“ (tail) 

Volume • 

32 cx. 

5 cx. 

1 1 cx. 

14 C.C, 

36 c.c 


The separation is rapidly increased by' each subsequent fractionation, 
and by the end of the third the greater part of the alcohol and water have 
already passed into the head and tail fractiong, the boiling points and 
specific gravities of which now approximate to those of the pure liquids. 


Third fractionation. 


Fraction , , 

x- 83“ (head) 

82-87“ 

1 87-92“ 

92-97“ 

97-x“ (tail) 

Volume . . 

44 C.C. 1 

: OC.C. 

I ac I 

II C.C, 

42C.C. 

Sp.gr. . . 1 

Sp. gr. of original ' 

o'SjS 

! 

— 

“ 

0*991 

constituents . 

0*835 

. — 

— 


I'OOO 

1 


The somewhat tedious process of fractionation is greatly accelerated by 
partially cooling the vapours before they enter the condenser, so that the 
less volatile portions are continuously returned to the flask ; and a nearly 
complete separation may thus often be effected in a single distillation. 
For this purpose a round-bottomed flask is fitted with a long wide tube 
or still-head, the upper part of which is provided with a side-tube ap^ 
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thermometer, as in the ordinary distilling-fiask ; witif a plain {ube, how- 
ever, the vapour tends to pass up thfe.,jiiiddre, without coming into contact 
with the condensed liquid tuning down the sides, and various fraction^4ng 
columns have been designed in order to remedy this defect. 

HempeVs column (i88r} is hlled with large glass beads which bre^ up 
the stream of vapour, and bring it into contact with a large stfffaoe of 
condensed liquid. Young’s pear column (1902), which is the most con- 
venient for ordinary purposes, consists of a vertical series of near-shaped 
bulbs, five to twelve in number (Fig. 1), These bulbs are shaped so that 
they set up eddies in the vapour, and prevent the formation of a central 
stream ; at the same time they largely increase the area of the condensing 
surface. The vapour is thoroughly washed by the drops of condensed 
liquid which fall steadily from bulb lO bulb, Prpbably the most efiQcient 
column at present ava^ble is Young’s evaporatorstill-head ( 1902). 

The strongest alcohol obtainable 
oa a commercial scale by ordinary 
distillation is known as rectified 
and has a specific gra\dty 
of 0*^35 it contains' 

15 per cent, of water, Proc^spii^-^ 
is defined legally ah spirit ? 
a specific gravity of at 

51*' F. , and contains <^ly 49 per 
cent of alcohol 

which consists of ratified '^ Spirit, 
mixed with wood spu:rfc|and:|t0ir$ffin 
oil, can be obtained under, licence 
for chemical purposes free from 
parafiin ; after boiling with caustic 
soda to eliminate acetone and other 
impurities, and redistilling, it may 
be employed for most chemical 
operations instead of the ^ more 
expensive pure' alcohol. Rectified 
spirit may now, howdt^er, (1905) be 
o'btained free of dutyior sciei^c 
use in approved ins^tutr^t Al-^ 
coholis employed in layge cjhmitl- 
fe in the manufacture df^dycs and 
andnejct to water is^|he 
venfm^ frdque^y used id 
istryr ■ 

a vrry rtfictent stilHiead. a 
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fraction iilay be ^parated haying a- specific gravity of about 
o-Sioat i5®,and this isthe^ongcstobtainable by distillation ; 
it Gtmtains about 5 per cent: of water. If, iiowever, rectified 
spim be-digested with an appropriate desiccating agent, such 
as potassium carbonate or quicklime, and then redistilled, a 
spirit is obtained which has a still lower gravity, and therefore 
contains less water (I-uUy, thirteenth century). By repeating 
this treatment, a liquid is ultimately obtained, whose boiling- 
point and specific gravity ar^constant, and cannot be further 



Fig. 2. — Dehydration of Rectified Spirit. 


The spirit is bating with in the flask with the invented condensef, and the dehydrated 

product from a similar operation is being separated from the slaked lime by distillation. 

reduced. This product is therefore pure, and is termed 
absoluie akoH^i* 

/Msso^te ^ftlfcohol is prepared in the laboratory by boiling 
rectifiei^Si>iriyor an hour or two* with half’ its weight of fresh 
quicl^^ jh minps (Souberaih, 1839). operation is car- 
ried out ia a largo flask, which is heated on a water-bath, and 
connected 'with an inverted coj|ddft^i; 2) to prevent the 
escape of |he va^ur, ^ Whem ffle lime hasjslaked and swollen 
to a S^xii-Solid fplste, the condwiser is arranged for ordinary 

:|f- — r 

* Ike W(M alcohol ^ ipmbably a corrupted contraction of (ipiritus) 
akalisafust spirit whi<^ has been tredl^ with alkali (Koppl. 
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distillation ; the vapour is'led into it through a bent tube, and 
the heating on the water-bath continued until liquid ceases to 
pass over. A flame must not be used, nor should the alcohol 
be filtered from the lime before it is distilled. 

If the original spirit contains more than 8 or 9 i^r cent, of water, the 
distillate must be treated again with half the quantity of quicklime ; but 
it is difficult to eliminate the last traces of water. Absolute alcohol is also 
ma(fe by slowly filtering spirit through quicklime, the process extending 
over ten days or more (Squibb, 1887 ) ; thus prepared, however, it is 
liable to contain traces of ether* The “ absolute alcohol ” of commerce 
usually contains about 2 per cent, of water. 

Alcohol, CH3.CH2OH* (Lowitz, 1796) is a colourless liquid, 

> which has a pleasant odour and hot taste, and burns with a 
nonduminous flame. It boils at 78 -3® under normal pressure,t 
and at -112° freezes to a white crystalline solid ; its specific 
gravity is 0794 at 15®. Pure alcohol is hygroscopic. 

When spirit cont^ns 4 or 5 per cent, of water, it boils at a slightly lower 
temperature (78-15°) than anhydrous alcohol, and hence cannot be further 
concentrated by further distillation, unless a third liquid— such as benzene 
—is added, which will form with the water and alcohol a mixture of still 
lower boiling-point (Young, 190s). * 

6, Criteria of Purity.— -A substance is pure and a chemical 
individual when its physical properties are constant and these 
physical tests are the ultimate criteria of purity. 

Mixtures such as 95 per cent, alcohol may also have constant boiling- 
points, but are distinguished from pure substances by the variation in 
their composition when they arc redistilled under a different pressure. 

It is usually convenient to prove the presence or absence of 
specific impurities by chemical tests. Wliite anhydrous copper 
sulphate is slowly coep^rted into the blue hydrated salt when 
added to alcohol containing water. The y-ellow solution of 
barium oxide in alcohol is rendered milky when moist alcohol 
IS added, owing to the precipitation of the insoluble hydrdkide. 
Paraffin oil, in which alcohol is soluble, but water insoluble, is 
rendered turbid by the presence of water in the spirit. 

^ 7. Synopsis.— Alcohol, prepared by the fermentation of sugar, 

IS separated from dissolved solids by simple distillation, and 
from water by fractional distillation. The last portions of 
water are usually removed by chemical means. The alcohol 
is known to be pure and a chemical individual bv the constancy 
of its physical properties. 

plZ?raapt« “ for convenience i they are e.- 
•t For correction of boiling points, see Laboratory Notes. 



CHAPTER II 


AN.UYSIS OF ALCOHOL AND DETERMINATION OF ITS FORMULA 

8 . General Actions of Alcohol : Necessity of Analysis.— When a 
product has been purified, and its individuality has been 
established by the constancy of, its physical properties its 
examination from a chemical standpoint becomes possible. 
As in all scientific work, the method is that of experiment, 
guided by analogy. Sometimes the nature of a substance is 
obvious from the method of its formation, as in the preparation 
Of the salt of an organic acid ; and in such cases only con- 
firmatory evidence of identity is needed. At other times, 
when there is no such guide, analogies must be sought for. 

Although alcohol is combustible, and very different physio- 
logically, it resembles water and the metallic hydroxides 
in many of its chemical relations. Many salts are dissolved 
by it, and the crystals which separate from such solutions often 
contain loosely combined alcohol, analogous to water of 
crystallisation^ Qalcium chloride alcaholate, CaCl2,3 PgHgO, is 
a definite crystalhne compound, ^hich like the hydrate is 
decomposed by heat. The action of sodium on alcohol is 
similar to its action on water, hydrogen being evolved and a 
sodium derivative formed. Alcohol slowly and partially 
neutralises acids, and in this resembles the mineral alkahes to 
a certain extent. 

But although its general character is fairly clear, the chemical nature of 
alcohol cannot be exactly defined without quantitative examination. 
The physical differences between organic compounds are much less marked 
than in parallel inorganic cases, and it is necessary to analyse them and 
determine their formula before further progress can be made. It is largely 
for this reason that the systematic study of Organic Chemistry, although 
the oldest branch of the science, was followed without much success until 
quantitative methods, and the consequent theories, were developed. 

9 . Detection and Estimation of Carbon and Hydrogen.— That 
alcohol contains carbon and hydrogen is proved by its con- 
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version into carbon dioxide and water when fully oxidised 
(Lavoisier, 1794). The spirit is conveniently burned in a 
crucible beneath an inverted funnel, from the stem of which 
the gaseous products are aspirated. These are drawn through 
a cooled, empty vessel, and then through a flask of lime- 
water ; water condenses in the first, and calcium carbonate is 
precipitated in the second. With the exception of oxygen, 
the presence of which must usually be established by quanti- 
tative analysis, no other element can be detected. 

The proportion of carbon and hydrogen is determifxed by 
burning the substance in a slow current of air or oxygen in 
presence of copper oxide, the combustion being eflected in a 
hard-glass tube about three feet long, which is heated in a gas 
furnace (Fig. 3), 



Fig. 3.— EsUmatioti oi ^atbon and Hydrogen by Combustion with Copper Osid*. 


Me^ulated oxide, which is placed in the middle and further end of 
asbestos, is first heated to redness in a current 
^|»&med^ m, to remove aU traces of moisture and organic matter. A 
S? 25 v^“ of the substance, in a small glass bulb, or in the case of 
a narrow Platinum boat, is then introduced into the end next 
B^aduaUy heated to redness. Mo^t of the substance is 





II 


10, ii] Analysis of Alcohol 

burned in the air, whilst the oxidation of any thatis volatilised unconsumed 
is completed by the red-hot copper oxide. 

When the oxidation is finished, the current of air is continued until the 
residual carbon dioxide and steam have been swept into the absorption 
bulbs ; the reduced copper is thus also re-oxidised, so that the tube is 
ready for a fresh combustion when the part containing the boat has cooled. 

The carbon dioxide and water vapour are carried with the excess of 
air through a series of two vessels, which contain calcium chloride and 
potash or equivalent absorbent substances. The water is absorbed by 
the calcium chloride, and the carbon dioxide by the potash, so that the 
weight of the oxidation products is given by the increase in weight of these 
vessels (Liebig). The operation lasts about two hours. 

In some careful combustions of alcohol the following results 
were obtained — ^ 


I. 0*2063 gram gave 0-393 1 gram CO2 and 0*2475 gram H2O. 
II. 0-2856 gram „ 0*5427 gram CO2 and 0*3365 gram H2O. 
ill, 0*1989 gram „ 0-3796 gram CO2 and 0*2351 gram H2O. 


10 . Calculation of Percentage Composition. — As the percentage 
composition of carbon dioxide and water is known, the data 
required for the calculation of the percentage composition of 
alcohol are complete. In the first combustion the weight ed 
the carbon in the portion taken is 
3 * 

0*3931 =0*1072 gram; 

II 

its percentage Is therefore 

C-5i*96.t 

The weight of hydrogen is similarly 

0'2475 

— ^=0-0275 gram; 

9 * 

its percentage is therefore 

*H = I3.33. 

The oxygen is determined by difference, as there is no satis- 
factory method for its estimation ; in this case its percentage 
as there is no other element present, is 

O = ioo*oo— ( 51 * 96 + i3*33)=347i* 


The duplicate analyses give results which agree with these within the 
limits of experimental wror (§ 11), and the composition of alcohol, like 
that of all pure substances, is therefore constant. It was first ascertained 
by exploding the vapour with oxygen (De Saussure, 1808). 

11. CftleulMlon of Empirical Formula.— All matter must be 
considered from a chemical point of view as composed of atoms 



12 Organic Chemistry [12 


of definite weight. The relative numbers of the atoms are 
proportional to the quotients of the percentages by the re- 
spective atomic weights (Dalton, 1808). The ratio in the case 
of alcohol is 


Nc : Nh : N„ 


13-13 . 3471 . 
12 ’ I ’ 16 * 


this on simplification becomes 

No :Nb:No =4-33: T3-33- 2-17. 

so that the oxygen atoms are the fewest. But fractions of 
atoms are inadmissible, and dividing throughout by the 
smallest number, the numbers become 

N« -Nh :6'I5 :i. 

Here again fractions are obtained. If, however, it be as- 
sumed that the small differences from whole numbers which 
now remain are due to experimental error, the numbers fall 
into the simple ratio 

N,;N,:N, ==2:6:1. 

making the formula 

Empirical Formula of Alcoliol, 


The validity of this assumption is proved by the agreement, within the 
Wtvuls ol expctYmental error, ol the percentages calculated ftom this 
iormula with those wothed out itom the three analyses. K torrauVa is 
always checked in this way, apart from theoretical considerations. 


Carbon 
Hydrogen 
Oxygen 

lOO'OO 100*00 100*00 100*00 

A formula showing merely the composition of the substance, 
and the ratio in which its atoms are combined, is termed an 
empiricalformula (D alton ) . An empirical formula affprds 
no information as to the size of the chemical units or 
molecules, and until this is known there is no evidence 
whether the formula of the reacting unit is identical with, or 
some multiple of it. The molecular weight is therefore also, 
determined. 

12. Determination ol Vapour Density and Molecular Weight* — The 
molecular weight of a volatile liquid is deduced from the ratio 
of the weight of its vapour to that of the same volume Qf 
hj^l^en at the same temperature and pressure. These 
v^jUip^s contain the same number of molecules (Avogadro, 


Analysis 0/ Pure Alcohol. 



1.— i... 

■II ..1 

Calcvilated for 

I. 

II. 

III. 

CaHeO. 

51*96 

51*83 

52*05 

52-17 

IV 33 

13*09 

13-13 

13-04 

34-71 

35-08 

34-82 

34-79 
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18 r I ), and the weights of the individual molecules are therefore 
in the same ratio as the weights of the vapours. In practice it 
is inconvenient to compare the vapour directly with hydrogen, 
and air is. used, the density being calculated from the known 
specific gravity of the lighter gas. 


In Victor Meyer’s method {1878) the air displaced from an appropriate 
vessel by the vapour of a known weight of the liquid is collected and 
measured, and ite weight calculated. The displacement vessel (Fig. 4) 
consists of a long vertical tube having a cylindrical bulb at the lower end, 
and near the upper end a side tube leading to a small pneumatic trough. 
The btilb and part of the tube are heated by steam or other saturated 
vapour at a constant temperature, well above the boiling-point of the 
substance, the steam, etc., being generated in a cylindrical glass jacket 
surrounding the displacement tube. 

When the air ceases to expand, and has therefore attained the tempera- 
ture of the jacket, a weighed quantity of the liquid, enclosed in a miniature 
stoppered tube, is dropped into the bulb, the stopper of the displacement 
vessel being quickly replaced. The liquid slowly volatilises, but the vapour 
being heavier than air remains at the bottom, and an equal volume of 
air at the same temperature and pressure is expelled into the graduated 
vessel at the trough. Here the air is measured, and its temperature and 
pressure are noted ; it contracts on passing into the cold measuring tube, 
but this is immaterial, as it is the weight which is required. 

In a particular experiment the vapour of 


0-0623 grsm of alcohol 
34*0 c.c. of air, 

measured over water at 20” and 752 mm. The weight of this volume' of 
air is 

0'0396 gram,* 


jnd the specific gravity of the vapour is therefore 
0*0623 

0-^ *’57 

Its vapour density, or specific gravity, referred to hydrogen is therefore 


As the vapour of alcohol is 22-7 times heavier than hydro- 
gen, the molecular weight of which is 2, the molecular weight 
of the substance is 


22*7X 2=45-4. 

This number is more simply obtained by multiplying the 
specific gravity of the vapour by 28-86 ( = 2/0 0693). 


0'03g6 =34‘0 X X — X 0*001293 ; 

760 293 

0-OOI293 = weight of i c.c. of air at 0° and 760 mm. ; pressure of water 
vapour at 20° =17 mm. 

t 0-0693 •= specific gravity of hydrogen referred to air. 
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There are other methods of determining vapour density, of which the clrief 
•are Dumas’, in which a known volume of the vapour is actually weighed, 
and Hofmann’s, in which the volume of a known weight is directly mea- 
sured j but they are now little used. 

13. Determination of Molecular Formula 
fromVapour Density .—A molecular form- 
ula is either identical with the empiri- 
cal formula, or an exact multiple of it. 
The sum of the atomic weights given 
by the empirical formula C2H60is46; 
the molecular weight of alcohol isthdite- 
fore either 46, or a multiple of this, such 
as 92 or 138. The number 45*2 calcu- 
lated from the vapour density, althou|^ 
not actually coincident with any jif^ 
these, is so near the first that this is 
dently the actual molecular weight. 

The determination of vapour density does 
not give such accurate results as analysis ; 
the molecular weight calculated from it is used 
as an index, and must not be taken as the actual 
value. 

The formula 

C^HgO 

Molecular Formula of AlcolioL 

therefore represents the actual number of 
atoms in the molecule, as well^as the 
relative numbers of the atoms \i any 
particular portion of the substance (Ger- 
hardt and Laurent, 1845). It is termed 
a molecular formula. 

Fig. 4. — Dctamiiiation of r , ... 

Vapour Density by Air-Dis- ^"6 molecular formula here happens to be 
placement method. identical with the empirical formula, but this is 

not always so ; the molecuiat formula'of acetic 
acid is double, and that of benzene six times the empirical formula. 

14. Other Methods ot Determining Molecular Weight : — the . 
‘ Cryosoople Method. — ^There are various other methods of deter- 
mining molecular weight. When a small quantity of a sub- 
stance ^ dis^lved in a pure liquid with which it does not 
interact, the freezing point of the solvent is lowered by an 
amount which depends on the molecular weights and relative 
proam^ons olthe two substances. 
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The exact relation is given by the equation 
M=KP/D (Raoult, 1882), 

where M is the molecular weight of the dissolved substance, 
P the weight ^dissolved in 100 grams of the solvent, D the 
depression of the freezing point, and K a constant for each 
paidicular solvent. 


The value of K is determined either by finding the depression produced 
jy a substance of known molecular weight, or by calculation from the 
formula 

K-TVsoL, 

whecg T is the freezing-point of the solvent in absolute temperature, 
and L its latent heat of fusion (Van’t Hoff, 1887) ; for water K is 19, for 
acetic acid, 39* and for benzene, 49. 

It is usuipto measure the depression with a special thermometer gradu- 
ated in hundredths of a degree (Beckmann, 1888). Approximate results 
he obtained with, an ordinary physical thermometer graduated in 
^Ipis or tenths of a degree, and reading by estimation to fiftieflis or hun- 
dredths. 

The calculation is simple. Thus 

0-492 gram of alcohol 

dissolved in 

26-8 grains of water, 

lowered its freezing point 

from o® to —0-79“. 

From this it follows that the molecular weight is 


0-492 

19 X X roo 
M=: ^ or 44. 

079 


This result is used as an index, in the same way as that calculated from 
the vapour density. The cryoscopic method is of great value when the 
subst^pe is not volatile. It is really an adaptation of the vapour density 
method to solutions, for dissolved substances follow Avogadro’s law in the 
same way as gases (Van’t Hoff, 1887). Equal volumes of solutions having 
the same (osmotic) pressure and the same temperature contain equal 
numbers of molecules, and it has been shown that the osmotic pressure of 
a dissolved substance is proportional to the depression of the freezing point 
of the solvent. i. 


An analogous method, based on the fact that the boiling point of a 
pure liquid is raised by the addition of a soluble substance, is also occa- 
sionally used (see Appendix, § 14). There are also various chemical methods 
of determining molecular weight, which will be dealt with as occasion arises. 


15 , Synopsis. — Pure alcohol is constant in chemical com- 
position, and represented by an empirical formula C2H^O :‘ 
■from its vapour density and^ freezing point of its aqueous 
solution this formula is also the molecular foriiiula. 



CHAPTER III 

CHEMICAL NATURE OF ALCOHOL 

16 , Action of Sodium on Alcohol : Sodium Ethoxide.— When 
some clean sodium is placed in absolute alcohol, a vigorous 
action commences, the metal being dissolved, and hydrogen 
given off, as when it is thrown on water. The liquid becomes 
viscid, and after a time ceases to dissolve the sodium when 
heated ; and if now cooled, the product sets to a semi-solid 
crystalline mass. 

To obtain the crystals free from the brownish mother- 
liquor, the pasty mass is transferred to a plate of white, un- 
g lazed earthenware. The adherent mother-liquor is rapidly 
absorbed by the porous earthenware, and after picking out 
any globules of sodium with forceps, the crystals are at once 
detached with a blunt spatula, and placed in a 4ry, well- 
stoppcred vessel. Care should be taken to drain away mother- 
liquor before transferring the crystals to the plate, or the whole 
oi the liquid may not be absorbed. 

The crystalline mass, although dry, still contains alcohol, 
for when it is heated in a large test-tube at i8o°, most con- 
veniently by means cf a bath of melted paraffin-wax, alcohol 
is given off, and a white residue is left. A current of dry 
hydrogen or coal-gas should be passed through the tube, to 
prevent oxidation by the air. 

The residue is known as sodium ethoxide. The original 
crystaUine product contains the alcohol as alcohol of cry- 
stalUsation, analogous to water of crystallisation. Sodium 
CgHg.O.Ja, is a white, amorphous, very deliquescent* 
powder, which is decomposed when heated. Sodium ethoxide 
alcoholate, CgH^NaO, sC^HgO, is a colourless, crystalline sub- 
stance, wl^fch i^also deliquescent, 

Ajj^sis of Sodium Ethoxide : Detection of Carbon and 
Hmosen in UninflammaWe Comtionnds.— As the ethoxide is 
le 
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de(X)mposed when heated, the onjy criterion of purity is con- 
stancy of composition. The sub^ance does not burn, but the 
presence of carbon and hydrogen is proved by hewing it to 
redness with some dry copj)er oxide in a test-tube. Carbon 
dioxide is evolved, and may be identified by passing the gas 
into a little lime-water f and ste^ is also given off. The 
residue which remains when thoetlSide is heated on platinum 
foil is sodmm carbonate, so that sodium is present. 

The percentage of sodium is determined by weighing the carbonate, 
or by converting it into sodium sulphate, and weighing this. The per- 
centage of carbon and hydrogen is determined by combustion, as in the 
case af alcofaoU but the substance must be mixed in the boat with, some 
dry, powdered potassium dichromate, to decompose the sodium carbonate, 
the retention of carbon in which would otherwise vitiate the analyse. 

The empirical formula calculated from the analytical results 
is CaHgNaO, and the percentage of alcohol given off by the 
crystalline alcoholate agrees with the formula, C2H6NaO, 
3C,H,0. 

The molecular formula of sodium ethoxide is, strictly speak- 
ing, unknown, for the substance is not volatile^ and is decom- 
posed by available solvents, but in the absence of evidence to 
the contrary, it is assumed to be the same as the empiricaf 
formula. Sodium ethoxide is therefore derived from alcohol 
in the same sodium hydroxide from water, namely, by 

subsfitutidip' of a sodium atom for a hydrogen atom, and 
the general analogy between alcohol and water, which was 
indicated at the outset 8), is confirmed. 

CzHeO +Ka=C2H5NaO +H ; 

HsO-l-Na-NaHO+H. * 

18. Hydrolysis of Sodium Ethoxide : Rational Formula of 
Alcohol. — Although sodium ethoxide is deliquescent like 
sodium hydroxide, , and apparently very soluble, it cannot be 
recovered from the solution, for it is decomposed by water 
'into alcohol and caustic soda. The action is to a certain 
extent reversible, as some sodium ethoxide and water are 
formed when caustic soda is dissolved in absolute akohol 
(compare § 26). 

CaHeNaO +H20.^C2H60 +SaOH. 

A decomposition such as this, in which a molecule is re- 
solved into two simpler molecules by assimilating a molecule 
of water, is termed a h y d r 0 1 y s i s — literally, A splitting by 
^ter (Armstrcmg, 1879). Hydrolysis must be carefully dis- 
tinguish^ from hydration, in which water is taken up without 

C 
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causing disruption of the molecule. The conversion of quiek^ 
Uma into slaked lime and sulphur trioxide into sulphide 
are eases of hydration, whilst the conversion of 
pl;^rus pentachloride into phosphoric acid and hydrochl|grk> 
acid is a hydrolytic action. 

.The interconvertibilit^ll^ alcohol and sodium ethoxide, 
taken in conj unction wilB|fe fact that sodium has no further 
action on the ethoxide, leSs to the conclusion that in the 
alcohol molecule, as in the molecule of water, one of the 
hydrogen atoms is more easily displaced than the others. 
This result is conveniently summarised in a- special formula,' 

C2H5O.H, 

first Rational Formula of Akoliol 


in which the active hydrogen atom is placed apart from the 
others. Such a formula is termed a rational formula 
(Berzelius, 1825), because it indicates a chemical relation of 
the substance, namely, its analogy to water, - " 

H 0 ,H C2H5O.H. 

19. bolAHoa and Recognition 0 ! Small Quantities.— In studying such de. 
compositions as that of sodium ethoxide, it is unnecessary as a ruie to 

use large quantities of 
material, provided that 
suitable apparatus is 
employed. A few cubic 
centimetres of the eth' 
oxide soften may be 
datilled from a test-tube, 
fitted with a cohk 
bent ddiverytube ; this 
leads to a second test- 
tube, which is kept cool 
. _ a small beak®r of 

Fig. 5.— Distillatioa oi Small Quantities, water ; a support is tm- 



as with a little 

^ qualitatively. Thus the small'qu^tity 

M alcohol obtamed from the ethoxide solution in the above operation can# 

fr” twb TiW 1 “*'=“• alcohol in the distill* 

taking advantaffi“ ““S' ^ separated by 

liquid is ^ solutioar The 

the first ffaction until a 1 of caustic soda are dissolved in 
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a test'tabei which is provided with a loosely-fitting cork holding a 
thermometer, 

20. Aetioa of Phosphorus Halides oif Alcohol : Hli^l Bro^e 
Iodide. — The analogy of alcohol to water is confirme^^ 
•its interaction with the phosphorus halides. When bromine 
is slowly added to red phosphorai||||mersed in absolute alco- 
hol, the phosphorus peatabraqj(r which- is formed acts 
energetically on the alcohol, and^much heat is evolved. The 
action proceeds with explosive violence, if the liquid is not 
cooled to the ordinary temperature before each addition of 
bromine ; but on the other hand it does not take place at all 
if cooling is carried too far. On distilling the red and 
turbid product from a water-bath after the lapse of some 
hours, a volatile liquid, ethyl bromide, passes over, having a 
faint odour of garlic. Syrupy phosphoric acid and some un- 
changed phosphorus remain in the flask. 

The liquid is impure, and contains un- 
changed alcohol and hydrogen bromide, as 
well as secondary products, but as ethyl . 
bromide is insoluble in dilute alkalies, th^e 
may be removed by shaking it in a tap-funnel 
(Fig. 6) with cold dilute caustic soda. The 
alcohol and acid dissolve in the alkali, while 
the heavy ethyl bromide falls to the bottom, 
whence it is drawii off through the tap. , If 
a tap-funnel is not available, i, stoppered 
cylinder or corked test-tube may be used, 
the bromide being drawn off with a pipette. 

The only impurities nowremaiuing aser the 
dissolved water, and a small quantity ^ a 
secondary product containing phosphorus. 
The watCT, which renders the liquid turbid* 
is removed by leaving a few small piec# 
of recently fused calcium chloride in it fdr 
some hours, and the trace of high-boill^^ 
phosphorus compound is then eliminated by fractionation, 

'The ?ic^n of phosphorus and iodine on alcohol is similar, 
but not so violexit. The iodme is dissolved in the alcohol, the 
jjialculated quantity of red phosphorus added, and after the 
first action is over, whole product is gently boiled on a 
water-bath for an hour, with reversed condenser. Next day 
the crude ethyl iodide is distilled from a water-bath,* and puri- 
fied in way as the bromide. 

(Senilias, 1829), is a liquid of 
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ethereal but garlic odour ; it boils at 38"*, and has a specific 
gravity of 1-450 at 15°. 

Ethyl iodide, CH3.CH2I (Gay-Lussac, 1835), is a heavy, 
colourless liquid, having a pleasant ethereal odour. It boils 
at 72°, and has a specific gravity of 1-943 ^5°- H is less 

stable than the bromide, and when exposed to light turns 
brown from liberation of iodine. 

21. Detection and Estimation of Halogen.— In common with 
most organic halogen compounds, ethyl bromide and iodide 
burn with a green-mantled flame when mixed with alcohol, 
and the presence of halogen can also be demonstrated by 
bringing a fragment of copper oxide moistened with either 
liquid into a Bunsen flame, when the volatilised copper halide 
tinges the flame bright green. The halogen is estimated by 
conversion into the silver salt. 
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An analysis of ethyl bromide gave the following results— 

0*2936 gram gave 0*2364 grain CO2 and 0-1248 gram H3O ; 

0*2318 gram gave o'SgS? gram AgBr. 

Owing to the presence of the halogen a modification of the carbon 
combustion is necessary. A long roll of red-hot silver gauze is placed 
after the copper oxide to decompose the volatile copper bromide, some 
of which might otherwise pass into the calcium chloride tube and be 
weighed as water. The same end mayllie attained by substituting lead 
chromate for the oxide. 

The percentage composition calculated from the above figures is 
C=2i*96j H=4'72, Br= 73*20 * 

from which the empirical formula of ethyl bromide is 

■ 

as ikd vapour density of the substance is 3*78, this is also its molecular 
formula. The percentage composition required by this formula is 
0=22*02, H=4*59, Br=73*39, 
which agrees well with the above analysis; 

22. Relation of Rthyl Bromide and Iodide to Alcohol : Second 
Rational Formula. — The preparation of ethyl bromide is strictly 
parallel to the familiar method of preparing hydrogen bromide, 
by dropping bromine on red phosphorus moistened with 
water ; in each case 'a hydrogen and an oxygen atom are 
replaced by the halogen. The formation of halogen com- 
pounds from alcohol by interaction with phosphorus halides 
thus not only confirms its analogy to water, but ^Iso sug- 
gests that it is an organic hydroxide. 

SaOH+P + SBr^sHBr + HsPOi + HsO; 

SCsHg.OH + P + sBr^sCaHsBr + HaPOi+HaO. 

The decomposition of sodium ethoxidc by water both con- 
firms and amplifies this conclusion, for although sodium 
hydroxide is not decomposed in this manner, the sodium oxide 
(or Mdium sodoxide), which is formed by the action of sodium 
on it, is readily hydrolysed in the same way as the ethoxide, 

Na.OH +Na=Na.ONa +H ; Na.ONa +H2O =Na.OH +NaOH. 

C2HB.0H+Na=C2H5.0Na-hH ; CgHs.ONa-hHaO^CaHfi.OH -H 

NaOH. 

The resemblance of alcohol to metallic hydroxides thus indicated is 
borne out by its conversion into salts by the halogen acids themselves. 
On distilling alcohol with potassium bromide and concentrated sulphuric 
acid, ethyl bromide passes over, affording perhaps the easiest method of 
preparing this substance ; whilst when alcohol is saturated with gaseous 
hydrogen iodide and heated, or even mixed at a low temperature with the 
liquefied gas, ethyl iodide is formed. Similarly the analogous ethyl 


"^0*3318 


100 
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chloride Is slowly formed by the direct action of hydrochloric acid on 
alcohol (§23). 

CaH,,.OH +HBr=.CaHs.Br+HaO ; 
Na.OH+HBr«Na,Br+HaO. ,, 

The hyriroxidic character of alcohol is finally established 
by the complete hydrolysis of ethyl bromide to sodium bro- 
mide and alcohol when boUed with caustic soda solution. 

The conversion is only slowly effected, and to prevent the escape of the 
volatile liquids the hydrolysis !«■ carried out in a reflux apparattK (Fig* &). 



Fig. 8. — Reflux Apparatus, 

or flask furnished with an inverted condenser, which condenses and returns 
the vapours (Fraukland, 1848). The boiling is continued until the odour 
of the bromide is no longer perceptible on disconnecting the flask. The 
alcohol IS ^en distilled off, the sodium bromide remaining with the 

excess of alkaU and the water. mui tne 

Alcohol and its bromide here behave in much the same 
way as hydroxide and salt of a heavy metal, such as 
l^d. Similarly ethyl iodide, like cadmium iodide, gives an 
abundant preGipitate of sUver iodide when shaken with a 
strong solution of silver nitrate. 

Pb( 0 H)j+ 2 HBr=PbBr, + 2H,0- 
PbBr, +2NaOH =Pb(6H), +2NaBiv 
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The whole behaviour of alcohol may be summarised in the 
statement that it is a feebly basic hydroxide, intermediate in 
properties between water and sodium hydroxide ; it may 
therefore be represented by a rational formula— 

CA-OH. 

Second Rational Fonnula of Alcnli^ 

. '% 

in which the hydroxyl group is placed apart from the remain- 
ing atoms. This fonnula includes the first rational formula ; 
the hydrogen of ethyl bromide is not replaceable by sodium, 
and the active hydrogen of alcohol is therefore that which is 
elinjinated as hydroxyl. 

23. Hthyl Chloride.T-Alcohol forms salts with most acids. 
Ethyl chloride, a very volatile liquid resembling the bromide, 
is made by direct interaction with the gaseous acid. If a 
saturated solution of hydrogen chloride in absolute alcohol 
be kept in a sealed vessel for some years, the liquid slowly 
separates into two layers, the upper of which is ethyl chloride. 
The gradual diminution in the amount of acid present can also 
be followed by titration. The rate of action is enormously 
accelerated by raising the temperature, and at the same time 
removing the water by means of a dehydrating agent sucH* as 
zinc cMonde j^Gtoves, ^ I 

The spitit is boiled with anhydrous zinc chloride in a reflux apparatus 
in an oiI*batIi, while dry hydrogen chloride is passed into the mixture. 
Un attacked alcohol is returned by the condenser, whilst the ethyl chloride 
vapour passes from the upper end. After traversing ^ash*bottles of 
warm water and dilute alkali, to remove hydrochloric acid and alcohol, 
and of strong sulphuric acid, to remove alcohol and water, it is condensed 
. hi a-freezing mixture. The zinc chloride retains the liberated water (see 
also § 106). Ethyl chloride may also be made by warming a mixture of 
alcohol, common salt and concentrated sulphuric acid. 

Ethyl chloride^ CH3.CH2CI {Basil Valentine, sixteenth cen- 
tury, ** spirit of salt and wine ”), is a liquid, which resembles 
, the bromide in odour, but boils at 12°, and has a specific 
gravity of 0*921 at 0°, As a halogen compound it bums with a 
green-mantled flame. On account of its volatility, it is 
usually preserved in sealed tubes ; but it may be kept in a 
cool place in -well-stoppered bottles, provided with weU- 
ground glass caps (Fig. 1 1, § 34). 

Ethyl chloride is formed in large quantities as a bye-product 
in tho-TxUttiufactttre of chloral (§115), and is used in dentistry 
and minor operations both as local or refrigerating anajs- 
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thetic, and as a rapid, temporary anaesthetic in place ot 
nitrous oxide. 

The analysis and vapour density of ethyl chloride lead to the empirical 
and molecular formula C2H5CI ; the chlorine is detected and estimated: in 
the same way as bromine or iodine. The action of hydrochloric acid 
thus resembles that of hydrobromic acid, the alcohol again behaving as a 
basic hydroxide. 

CaH-.0H + Ha=CgHs.a+H30, 

This is further confirmed by the hydrolysis, which on account of the 
volatility of the chloride must be carried out in a closed vessel. 

CaH3.Cl+NaOH=C2HvOH + NaCl. 

24. Synopsis. — In its actions with sodium, the halogen acids, 
and the phosphorus halogen compounds, alcohol behaves as 
a feebly basic hydroxide, intermediate to water and caustic 
soda. It may therefore be represented by the rational formula 
C 2 H 5 .OH. The halogen derivatives form a graduated series. 


Elhj'l Halides 

Boiling-point 

Sp. gr. at 0“ 

Fluoride 

-32° 

Gas 

Chloride 

- 1 - 12 “ 

0-921 

Bromide 

+ 38'^ 

1*496 

Iodide 

+ 72 ° 

1*979 



CHAPTER IV 

THE ETHYL RADICAL 

25.. The Ethyl Sulphates. — The basic character of alcohol is 
well illustrated by the existence of two ethyl sulphates, an acid 
salt and a normal salt. The acid salt, ethyl hydrogen sul- 
phate, is readily formed by the direct action of sulphuric acid 
on alcohol, and is conveniently isolated as a sodium derivative, 
ethyl sodium sulphate. 

A mixture of alcohol and strong sulphuric acid is heated in 
an open flask on a water-bath for an hour. The ethyl hydrogen 
sulphate is cooled, diluted with water, and neutralised in a 
large basin with a thin cream of calcium carbonate. The etbyl 
calcium sulphate (which is freely soluble, although a compound 
of calcium and sulphuric acid) is then converted into the sodium 
salt by cautiously adding sodium carbonate solution to the 
clear filtrate as long as a precipitate is formed. The solution 
of ethyl sodium sulphate, which should be just alkaline, is 
boiled down to one-fourth, and then evaporated on a water- 
bath until it begins to crystallise. After some hours, the 
crystals are drained, and dried on a porous plate. A further 
quantity may be obtained by evaporating the mother liquor. 

C 2 Hg. 0 H+H 2 S 04 =C 2 H 6 .HS 04 +H 20 ; 

2C3HB.HSO4 -HCaCOa =Ca(C2H5.S04)2 +CO2 q-HgO ; 

Ca(C2H6.S04)2 +Na 2 C 03 = 2 C 2 H 5 .NaS 04 +CaC 03 . 

After the crude ethyl hydrogen sulphate has been neutralised with 
calcium carbonate, the calcium sulphate forms a thick cream, from which 
the liquid cannot be completely separated by ordinary filtration. It is 
best in such cases to remove as much of the precipitate as possible by 
pouring the cream on a square of calico supported by a large funnel. 
The edges of the calico are gathered together, and the mass is squeezed 
^y ; the removal of the last portions of liquid requires a press. The 
turbid solution is then filtered in the ordinary manner, or better, with the 
aid of a filter-pump and Buchner porcelaiin funnel (Fig. 9}. This funnel 
has a perforated false bottom, to take a disc of filter-paper ; it is fitted 
to the neck of a stout flask (an ordinary flask would coUapse) which is 
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coimected with the vacuum pump through a side-tube. As an alternative, 
an ordinary funnel may be employed containing a small perforated disc ' 
of porcelain or a perforated cone of waxed paper ; a folded filter is used 
in the latter case. 

Ethyl sodium sulphate, CjHs.NaSOi, crystalUses with water 
in silky masses, having a pleasant odour and sweetish taste i 
it may be recrystallised from hot alcohol. Ethyl, caiciunk 

sulphate is similari 
Ethyl hydrogen sulph- 
ate or sulphovinic acid, 
C2H5.HSO4 (Dabit, 
1800), is obtained by 
exactly precipitating 
the metal with dilute 
sulphuric acid from a 
solution of the cal- 
cium, OT better, the 
f- barium salt. The clear 
filtered solution is 
evaporated in a va- 
cuum at the ordinary 
temperature, oyer 
strong sulphuric acid, 
as the sulphate is de- 
composed by hot 
water. After some 
days the organic salt 
remains as a thick, 
colourless acid syrup, which cannot be madB to cry'stallise. 
BatCjHj.SOj), +H2SO1 = 2C2H5.HSO4 +BaS04. 



-the second or normal salt, diethyl sulphate, is formed in small quantity, 
in the preparation of the acid salt, and can be extracted with ether (§ 85) 
from the ■notber-hquor of the ethyl sodium sulphate. It is also formed by 
heating ethyl iodide with sUver sulphate in a sealed tube. It is most 
rea^y obtained by extracting with chloroform a mixture of alcohol 
and exc^ of sulphuric acid? the temperature of which has not been 
allowea to nse above o'*. , . - 

liaSd ^ ° " ^^^5^2804, is a heavy, oolourl^ 
hquid, which boils at 208 , and has a characteristic fragc^ot odour. , 


2CjH^.OH+H3SO*={CaH,),SO* +«HaO 
aCaHsU AgjSO^«(CsH,)aSO*+2A6l. ' : 


TOe presence of sulphur in these ethyl snlphates is proved 
bjr heating them to redness with sodium, when sodium snlphi* 
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is fornjied ; on adding lead acetate to the aqueous extract of 
the product a black precipitate of lead sulphide is therefore 
obtahied. 

The sulphur is estimated as barium sulphate. The substance is com- 
pletely oxidised by heating it with concentrated nitric acid in a sealed 
tube,. in the' same way as in the estimation of halogen. The sulphuric 
acid thus formed is precipitated from the dilated product with barium 
chloride, the barium sulphate b^g coUected and weighed. 

The empirical formuke indicated by the analyses of the sodium and 
hydrogen salts are those used above, and the molecular formdm are 
asstnned to be the same. The molecular formula of the diethyl salt 
follows from its vapour density. 

The ethyl sulphates are hydrolysed much more readily than 
the halogen salts. On simply boiling ethyl hydrogen sulphate 
with water, it is resolved into alcohol and sulphuric acid 
(Hennell, 1821), Ethyl sodium sulphate is stable in neutral 
or alkaline solution, but is converted by 'acids into ethyl 
hydrogen sulphate. ’When warmed, with the shghtest excess 
of acid it is therefore ^hydrolysed to sodium sulphate and 
alcohol. Diethyl sulphate is hydrolysed by cold water to 
ethyl hydrogen sulphate and alcohol, and by warm water 
therefore to alcohol and sulphuric acid. 

C2Hfi.HS04-fH20==C2Hs.0H+H2S04 ; 

C 2 H 5 .NaSO 4 +H 2 SO 4 ^C 2 H 5 .HSO 4 -fNaHS 04 ; 

(C2H5)2S04 + H20=C2H«.HS04+C2H5.0H. 

26. Ethyl OKld* : Common Ether. — ^The hydroxidic character 
of alcohc^ is further evidenced by the existence of the cor- 
responding oxide, common ether. Ether is formed by 
heating ethyl hydrogen sulphate with alcohol instead of with 
water, and as the action proceeds equally well in presence of 
excess of sulphuric acid, the sulphate need not be isolated. 

C2H5.HSO4 -hC2Hfi,OH =(C2 Hb)20 +H2SO4. 

The mixturq of alcohol and strong sulphuric acid is heated 
at 140“, when it boils. Ether and water pass over, and by 
running in |?jore alcohoTat such a rate as to maintain the tem- 
perature constant (Fig. lo) a continuous stream of the two 

products is obtained. 

TheOTetically th^e should be no end to the action, as the sulphuric acid, 
which is continuously regenerated, acts on a further portion trf the alcohol, 
forming more ethyl hydrogen sulphate. In practice, owing to secondary 
ajjtions, the mixture soon be(x>mes charred ; the water also tends to accu- 
mulate, bydrolyslag the ethyl hydrogen sulphate, and causing an in- 
Rasing amount of aleobo} to pass over. The operation has therefore to 
“ afr^b tybau about four times the original vc^ume of alcohol 

has bemadded, 
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The disUttate contains sulphurous acid and alcohol in addition to ether 
and water ; these impurities are withdrawn by shaking successively with 
dilute caustic soda, and strong calcium chloride solution, until the washings, 
separated by means of a tapdunnel, cease to give the iodoform reaction 
for alcohol. The light, insoluble ether rises to the surface each time. 
Finally, after separating from the wash-liquid, it is dried with fused 
calcium chloride, and redistilled from a water -bath, in contact with a 
little sodium. The last traces of alcohol can only be eliminated by oxida- 
tion with chromic acid ; when quite free from alcohol, ether does not , 
dissolve aniline violet. 

Ethyl oxide or ether *, (€21^5)20, (Valerius Cordus, 1 542), is an 



Fig. 10. Co'itinuous Ether Process, 


extremely mobile and volatile liquid, having a very characfe^ 
istic odour. It boils at 35®, and the frozen solid meUsih. 
- 113° ; the specific gravity is 0-736 at Ether is a valuafcfe * 
solvent for fats, resins, and other substances which are in^lubk 
in water, and is therefore much used in the laboratory. It is 
also used as an anaesthetic, both by inhalation and locally 
a refrigerant. The vapour is dangerously inflammable, mid 
must never be brought near a naked flame. 

The percentage composition and vapour density of ether 

'■ i — - — _ 

♦ ai^^p=the attenuated upper air} hence “attenuated” 
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lead to molecular formula, Its rational formula 

as ethyl 05dde, is proved by its formation when 

ethyl iodide is heated with sodium ethoxide in a sealed tube, 
or dissolypd in a concentrated alcoholic solution of sodium 
hydroxide (Williamson, 1851 ; compare § 18)* The formula 
is confirmed by the hydrolysis of ether to alcohol when heated 
wth dilute sulphuric acid in a sealed tube at 150® ; and by its 
conversion into ethyl hydrogen sulphate by concentrated sul- 
phuric acid at a somewhat higher temperature. 

C2H5l-{-C2Hfi.ONa = (C2Hg)20+NaI ; 

(C2H5)20+H.0H = 2C2Hg.0H ; 

(C2H5)20 -i-zHgSO^ = 2 C 2 lT 5 ..HS 04 +H 2 O. 

Dilute acids, alkalies, sodium and phosphorus pentachloride have no 
action on ether at the ordinary temperature; but it is converted into 
ethyl chloride when heated with the pentachloride. 

27. The Ethyl Radical : Alky lie Hydroxyl. — The derivatives of 
alcohol are thus, on the one hand, parallel to those of water, 
and, on the other hand, to those of sodium hydroxide, and 
the sodium and hydrogen atoms and the atomic group, 
c, Hs, 

The Ettiyl Radical. 

are combiaed with and interchange the same groups or atoms, 
and pass unchanged through the various transformations. The 
organic group behaves throughout as a weak basic radical, 
analogous to the metallic radicals (Liebig, 1834). Were it 
not that it can be oxidised to carbon dioxide and water, it 
might be regarded as an organic element. 

Sodium, Ethyl, and Hydrogen Compounds. 


Na.OH 

CaHg.OH 

H.OH 

Na.ONa 

CgHg.ONa 

H.ONa 

Na.Br 

C2H5.Br 

H.Br 

Na.Cl 

C2H6.CI 

H.Cl 

Na.HS04 

C2H5.HSO4 

H.HSO, 

Na 2 SO^ 

^(C 2 H 5 ) 2 S 04 

H2SO4 

Na^O 

iC,ils)20 

H2O 


On account of its persistence and stability, this group is 
assigned a special name, ^ethyl* (Liebig, ether and v\rj~ 
stuff, matter), and a special symbol, E t , s« that the formula of 
alcohol as eihyl hydroxide becomes 

Et.OH, 

Third Rational Formula oi Alcohol. 
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and those of its derivatives, Et.ONa, Et.Br, Et^O, etc. Fur- 
ther, «! account of the functional analogy of the ethyl radical 
to the alkali metals, it is termed an alkyl radical; and 
the hydroxyl with which it is associated is ^ownas alky lie 
or alcoholic hydroxyl. Radicals play so important 
a part in Organic Chemistry that it was termed at one timer 
the Chemistry of Compound Radicals (Berzelius). 

28 . Synopsis. — Alcohol is the hydroxide of a basic oralkylie 
radical ethyl, C2H5 or Et, which is analogous to the alkali 
metals in function, and forms organic salts with the mineral 
acids. To indicate this, its formula is written as C2H6.OH or 
Et.OH. The corresponding oxide is common ether. 



ALCOHOL AND THE ETHYL ^RADICAL. 





CHAPTER V 

PREPARATION AND COMPOSITION OF ACETIC ACID 

29. Oxidation of Alcohol to Acetic Acid ; Vinegar and VITood 
Vinegar. — Although alcohol resembles water and sodium 
hydroxide in so many respects, it differs radically from these 
compounds in that it is convertible into a substance having 
marked acid properties. It has long been known that wine 
and beer become sour on exposure to air and warmth ; the 
vinegar thus generated was in fact the only acid with which 
the ancients were acquainted (0^09, acetum vinegar ; ^9^ 
oci\:?Mm=:sharp). The mechanism of the change thus brought 
about was not understood in ancient times, but the process is 
now known to be one of oxidation ; the oxygen gradually dis- 
appears from the adjacent air, and the change is equally well 
effected by ordinary oxidising agents (Lavoisier, 1794), 

When alcohol is boiled in a retlux apparatus with potassium 
permanganate and dilute sulphuric acid, the permanganate is 
decolorised, and on distilling the product after the action has- 
ceased, a liquid passes over, which has the sharp, characteristic 
odour of vinegar, and an acid reaction and taste. ■ It is 
identical with distilled vinegar. 

Vinegar is always made by the natural oxidation of alcohol, 
whilst the acetic acid used for chemical and industrial purposes 
is usually made by the distillation of wood. 

In warm climates, wine is simply added to hot, strong vinegar in casks 
provided with air holes. Under the iofluendS of the ferment (§ 172), the 
wine is gradually oxidised by the air, and the vinegar is drawn ofi as 
required. Malt vinegar is made from fermented wort in much the same 
way. “White vinegar” is manufactured by oxidising dilate spirit by 
the quick vinegar process (Schutzenberger, 1833). The spirit is allowed 
to trickle through perforated casks, which are felled with beech shavings ■ 
impregnated with the ferment. The shavings afford an,^^^tensive oxi* 
dising surface, well exposed to the convection current of air, which is 
amoving through the apparatus by the heat geno-ated in the action. 
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When chips of hard wood, such as beech or oak, are heated in a retort. ' 
gases are first'evolv’ed, and then a liquid passes over. This liquid separates 
into two layers, a light aqueous layer of wood vinegar or pyroligneous 
acid, and a heavy insoluble layer of wood tar (sixteenth century). Char- 
coal remains in the retort. ^ 

Pyrgligneous acid is simply impure acetichcid (Fourcroy andVauqueMi, 
1800}.* It is roughly distilled to separate the accompanying wood spirit 
(§ 43), and xh^ neutralised with milk of lime- After the calcium acetate 
has been evaporated to dryness, and heated at 200“ to carbonise tarry 
matter, it is distilled with the calculated quantity of hydrochloric acid. 

30. Purification of Acetic Acid ; Crystallisation : Glacial Acetic 
Acid. — On distilling dilute acetic acid, the water passes over 
the more quickly, and careful fractionation a fairly strong 
product can be obtained (Basil Valentine, sixteenth century). 

In a somewhat analogous manner, on freezing the dilute acid, the 
solvent water separates as ice,, whilst the dissolved acetic acid remains* in 
solution (Stahl, i6g7). In this case also the process has its limits, for at a 
certain concentration the dissolved substance and solvent freeze together, 
forming an eutectic mixture, or mixture of minimum freezing- 
point. Conversely, the strong acid obtained by fractional distillation 
may itself be concentrated by freezing, the acid now being the solvent 
and tne water remaining in solution as the dissolved substance. 

In practice, however, acetic acid is concentrated by ‘a 
chemical method (Stahl, 1692). The dilute acid having been 
neutralised with sodium carbonate and boiled to dryness, 

^ the residue is fused to expel the remaining water. (The sodium 
acetate first melts in its water of crystallisation, and care 
must be taken that this is driven off, and that a second fusion, 
namely of the anhydrous salt, takes place.) The anhydrous 
crystalline mass of sodium acetate is broken up and distilled 
: with concentrated sulphuric acid, and finally the acetic acid 
is redistilled with a few fragments of acetate, in order to 
eliminate some sulphuric acid, whieh is carried over mechani- 
cally in the first distillation. 

' The acid thus prepared is termed glacial acetic acid, as it 
freezes at ordinary winter temperatures. It still contains a 
little water, jjiyhich is eliminated by a process of fractional 
crystallisation. A quantity of the concentrated acid is par- 
tially frozen, and the unfrozen portion having been drained ofif, 
the crystals are melted, and the whole operation repeated until 
the melting-point is constant. The boiling-point and specific 
gravity are also constant, and the product is pure. 

When oMuparatively large quantities arc available, as in the present 
!ase» the meltmg pqint of a substance is determined by freezing it i%a 



34 Organic Cheffnstry [31 

*■■■ 

test-tube, and stirring with a thermometer until it is melted. To seojpre* 
uoifonn heating, the test-tube is placed in a beaker of liquid (in 
water) at a few degrees above the melting-point. If the s^tanc^ is pure' 
the temperature remains stationary, once some liquid has formed, until 
nearly all has melted ; but if it is impure, the apparent melting-point 
slowly rises, because the percentage of impurity in the liquid diminishes 
as the purer solid melts (compare Cryoscopic Formula, § 14).. ^ * 

31* Composition and Formula of Acetic Acid : Destination of 
Molecular Weight by SiWer Method.— acid, CHa.COOH 
(De Lauraguais, 1759), is a pungent, inflammable, hygroscopic 
liquid, or colourless, crystalline solid. It melts ati67®, bdls 
at 1 18®, and has a specific gravity of |,*05i at 20° ; it is not a 
very strong acid, the ionisation constant ^ing K==o*ooi8. 
The warm glacial acid bums with a blue flame to carbon 
dioxide and water. 

Acetic acid is much more stable thaiT alcohol, and resists the acUon of 
even chromic trioxide, so that it is used as a solvent in oxiHising organic 
substances with this agent. By prolonged boiling with acid permanganate, 
however, it is oxidised to carbon dioxide and water, whilst with aUcaline 
permanganate it yields oxalic acid. 

The empirical formula of acetic acid (Berzelius, 1814) is 
CH2O. 

As the vapour density when determined at a sufidciently high 
temperature* is about 30, the molecular weight is 60, and the 
molecular formula 

The molecular weight indicated by the cryoscopic method varies vrfth 
the concentration of the solution, owing to the varymg dissociation of the 
dissolved acid, hut the value calculated from the vapour density is con- 
firmed by analysis of the silver salt. 

The silver salts of organic acids are easily prepared and analysed* and 
are almost invariably anhydrous. Silver acetate fe a white crystalline sub- 
.stance, wUch is made by dissolving the freshly precipitated oxide or 
carbonate in dilute acetic acid, and evaporating the filtered solution until ' 
it crystallises. When heated to redness in a porcelain crucible the carbon 
and hydrogen are burned, and pure sUver is left. In an analysis of drv 
silver acetate j 

o'3276 gram gave o‘34i2 gram of silver, 
from which the percentage of silver is 

64 ‘ 67 . 

The empirical formula of acetic acid being CH2O, the possible 
molecular formula are CH^O, C2H4O,, CgH^O^, etc. Further, 
as the acid forms only one sUver salt, whatever the proper- 

• At temperatures near the boiling point, the molecules of acetic add 
are associated in pairs. ^ 
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tion to wliich it is heated with the oxide, it is monobasic. The 
possible molecwlar formulae of silver acetate, with the cor- 
responding percentages of silver, are therefore 


Pormula 

CHO.Ag 

t^H 302 -Ag 

G 3 H 502 ,Ag 

etc/ 


Percentage of silver 

78-83 

64-67 

54‘82 

etc. 


The analysis of silver acetate shows that -the second is the 
correct formula, and that the molecular formula of acetic 
acid is 02^402. 

Acetic acid is thus derived from alcohol by the substitution 
of an atom of oxygen for two atoms of hydrogen, 

C2HgO 2O — C2H4O2 "h H2O. 

82 . Synopsis. — The acetic acid obtained by distillation of 
vinegar, aiili by the destructive distillation of wood, is also 
iormed by the direct oxidation of alcohol. It has the mole- 
cular formula CsH^Oj. 



CHAPTER VI 


CHEMICAL NATURE OF ACETIC ACID : THE ACETYL RADICAL 

88. The Metallic Acetates : Rational Formula of Acetic Acid. — 

Acetic acid readily decomposes the alkali carbonafes ; potas- 
stum acetate, an ill-defined, deliquescent salt, pre- 

pared in this way from the acid and carbonate (vinegar and 
wood ashes), was used as a medicine by the Romans. Sodium 
acetate, Na.C2H30jj-h3H20, melts at 59®, and at a higher tem- 
perature loses its water of crystallisation. Ammonium acetate, 
is an extremely soluble salt, melting at 89®. 
Barium acetate, Ba(C2H302)2 + H20, is freely soluble in water, 
but insoluble in absolute alcohol. The same salts are formed 
by the action of the alkali hydroxides, or, in some cases, of the 
metals themselves 0^ the acid. 

The acetates are the oldest artificial salts. Impure basic copper acetate 
or verdigris was prepared by the Greeks as a greenish powder, by allo^ving 
grape skins to remain in contact with copper plates ; the acetic acid, 
which is formed by successive fermentation of the sugar, attacks the 
copper in presence of air. The salt is still made in essentially the same 
way by exposing sheet copper to the vapour of crude pyroligneous acid. 

Normal copper acetate, CufCgH^Ojl^+H^O, made by dissolving copper 
oxide or carbonate in the warm, dilute acid, and evaporating to crystal- 
lisation, is a well defined, dark green crystalline salt. Lead acetate, 
(Basil Valentine, sixteenth century], is prepared in a similar^ 
manner by dissolving litharge in the dilute acid ; this poisonous salt is 
known as sugar of lead, from its resemblance to cane sugar in appearance 
and taste, which, however, is also very metallic and astringent ; basic had 
acetate is formed when a solution of the normal salt is boiled with litharge ; 
both salts are intermediate products in the manufacture of white lead. 

The ferric^ Metates are used in dyeing, and axe also useful in detecting 
small quantities of the acid. When ferric chloride is added to a neutral 
acetate, the solution assumes a deep red colour, owing to the formation of 
ndhn^ ferric acetate, FelCgHaOjlg. This is decomposed by dilute hydro- 
chloctc acid \ by simply boding with water, It is partially hydrolysed to 
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*an insoluble brown baste ferric acetate, part of the acid being set free. 
AIuMinium acetate is completely hydrolysed by steam. 

Fe(CaH,0,)3 + H,0 = Fe(OH)(CsHaOj)a + CjH.Oa. 

the existence of these salts it is evident that, as in 
alcohol, one of the hydrogen atoms 
of the acetic acid molecule is more 
active than the others, and that the 
acid may be represented by a rational 
formula, 

C 2 H 3 O 2 .H, 

analogous to that of the basic hydro- 
xide. But it is noteworthy that the 
unique hydrogen atom is more active 
than in alcohol. Sodium acetate is 
much more easily formed than sodium 
ethoxide, and conversely, more stable ; 
it may be heated with water at any 
temperature without being decomposed. 

34. Action of Phosphoins Chlorides on 
Acetie Add : Acetyl Chloride : Second 
Rational Formula of Acetic Acid. — The re- ng. u. Caprei botue. 
semblance of acetic acid to alcohol ex- fomygroscop^or voatii* 
tends to its action with the phosphorus 
halogen compounds. When glacial acetic acid is mixed with 
. half its volume of phosphorus trichloride, heat is evolved, 
and after a time the mixture separates into two layers, the 
upper of which consists of the chloro- derivative mixed with 
some unchanged trichloride, and the lower of a solution of 
phosphorous acid in acetic acid. 

3 C 2 H 4 O 2 +PCl3=3C2H30CHH3P03. 

On fractionating the upper layer, ^hich should be separated with a tap- 
fuimel, the rnain fraction boils at 50 -58'^, theless volatile portion consisting 
chiefly of unchanged phosphorus trichloride, boiling at 76". After puri- 
fication by repeated distillation over small quantities of fused sodium 
acetate, the product boils at a nearly constant temperature ; it is difficult 
to free it completely from phosphorus trichloride. A considerable amount 
of hydrogen ^loride is always evolved during the preparation, even, it is 
said, when the acid is quite anhydrous.* 

Phosphorus pentachloride may be substituted for the trichloride, in 
which case phosphoric acid is formed ; but owing to its solid condition, it 
b les easily brought into contact with the acid. 

8CaH*Oi + sPOa == SCaHaOCl + aHaPO* + 2 HCI. 



This, however, would necessitate the formation of phosphorus tiioxide. 
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A cetyl chloride qt acetic chloride, CHa.COCl (Gerhardt, i ’8s t )* is 
a colourless, very pungent liquid, which boils at 51®, and has 
a specific gravity of 1-130 at 0® ; it fumes strongly in th| air, 
and corrodes animal and vegetable tissues. Acetyl chmiide 
is very hygroscopic, and hence should be kept in a trell- 
stoppered bottle, fitted with.a glass cap (Fig. n). 

The’ analysis and vapour density lead to the molecular 
formula C2H3OCI ; the action of the phosphorus chlorides on 
acetic acid is therefore similar to that of the pentabromide on 
alcohol, hydroxyl being replaced by halogen. The phosphorus 
haloids serve to show the presence of hydroxyl, both 
in the alcohol and the acid; ih each case the hydroxyl 
is replaced by halogen, whilst the haloid is converted 
into phosphorous or phosphoric acid. 

C2H30.0H->C2H30.C1; R.OH->R.a 

’ Acetyl chloride is not only formed in the same way as ethyl 
'"’^Jjromide, but is decomposed in the same manner by hydrolytic 
agents, sdthough much more readily. When poured into 
cold water, it at first sinks to the bottom; it soon dissolves, 
however, with evolution of heat, and the solution now con- 
tains acetic and hydrochloric acids. The vapour of the 
chloride is hydrolysed in the same way by the moisture of the 
air, whence the fuming of the liquid. 

C2H3O.CI +H,OH ^CaHgO.OH +HC 1 . 

35 . Acetyl Oxide. — As ethyl bromide and sodium ethoxide 
interact to form ethyl oxide, an analogous acetyl oxide may 
be expected from acetyl chloride and sodium acetate, the 
corresponding acetyl derivatives (Williamson, 1851). But 
acetyl oxide, although analogous to ethyl oxide in its com- 
position and the manner of its formation, haTlittle else in 
common with it ; it is usually known as acetic anhydride, as 
it readily combines with water, forming acetic acid. 

CgHaO.Cl -i-C3H30.0Na={C2H30)20 +NaCI. 

On adding acetyl chloride to powdered, recently-fused sodium acetate, 
there is a brisk action, which is completed by boiling the weU-mked mass 
for an hour or two ; the operation is carried out in a refiui apparatus 
heated m an oil-bath. The crude anhydride, havhig be«i distUled off Ja 
freed from traces of a^tyl chloride by again boding with janbydrous 
wdium acetate ; on redistiUation it now constantly, and if purfe 

Acetfc anhydnde is also readily prepared by saturating aud^^Ous 
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4U$etaiie witt chlorine mixed with rather more thwi an equal volume of 
sulphur dioxide. The anhydride is purified by distillation. 

4CaH30.0Na+ SOa +Cla ■«= ziCaHaOaO +NaaSO* +2NaCl. 

Acetic anhydride or acetyl oxide, (CHg.COjaO (Gerhardt, 
1^5 3 )> is a colourless liquid of extremely pungent odour. It 
boils at 138®, and has U specific gravity of 1073 at 20®. The 
empirical and molecular formula anticipated by theory is con- 
firmed by the analysis and vapour density, and the rational 
formula is proved by the manner of formation and decom- 
position. 

Like the chloride, it is hydrolysed much more easily than 
the corresponding ethyl compound ^ the decomposition being 
similarly effected by pouring the liquid into water. 

(CgHsOhO +H 20 = 2 C 2 H 30 . 6 H. 

If the quantity of water is limited, the excess of the oxide remains at 
the bottom, as it is not affected by acetic acid, but otherwise it slowly 
dissolves. The hydrolysis is much hastened by wanning the mixture, or 
by adding caustic soda solution. 

36 . Indirect Redaetion o! Aeetle Acid to Alcohol. ^Acetic acid is ' 
unaffected by ordinary reducing agents, and cannot be directly 
reconverted into alcohol. If, however, a little acetyl chloride 
or acetic anhydride is kept in contact with a large excess of 
sodium amalgam, in a loosely stoppered vessel, it is slowly 
reduced to alcohol by the hydrogen which is generated from ' 
the hygroscopic moisture. 

The alcohol is separated by distilling the product, after boiling it with 
alkali to destroy impurities, and is readily detected in the distillate. Large 
quantities of anhy^ide are required, however, if it is desired to isolate the 
aicohol, the yield being very small owing to secondary actions (compare 
S 64). 

As both acetic anhydride and acetyl chloride are so readily 
made from the acid, this reduction (Linneman, 1868) is prac- 
tically the reversal of the oxidation of alcohol to acetic acid 
(compare also §§ 82, 83). 

. C2H30.C1+4H=C2H5.0H+Ha. 

37 . The Acetyl Radical: Acidic Hydroxyl- — From these actions 
it is evident that in the oxidation of alcohol it is the ethyl 
radical which is affected* and that it is transformed into an 
exited radical of the formula, 

CjHaO, 

The Acetfi Radical 

two atona of hydrogen being replaced by the equivalent 
of oxygen. 
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This radical is termed acetyl, and assigned the symbol 
Ac, so that acetic acid is acetyl hydyoa^tde. This negative 
radical, formed by the substitution of oxygen for hydrogen 
in the positive ethyl group, is analogous to the radicals of 
the inorganic acids. It is termed an acidic radical, 
and the hydroxyl with which it is associated is known as 
acidic hydroxyl. The hydrogen of acidic hydroxyl is 
more active than that of alkylic hydroxyl, 

38. Synopsis. — From the action of acetic acid with phosphorus 
chloride and the mineral bases, it is the hydroxide of an acid 
or acyl radical, acetyl, C 2 H 3 O or Ac, analogous to the inorganic 
hydroxy acids, and its formula may be written as C 2 H 3 O.OH 
or Ac.OH. The phosphorus haloids serve to detect both 
alkylic and acidic hydroxyl. 


ACETIC ACID AND THE ACETYL RADICAL. 

Ac. Cl. ^ Ihot ^ Ac,OH 

acetyl chloride ; acetic add; 



colniirle&s liauid; 



CHAPTER VII 

ETHYL ACETATE 

39. Preparation of Ethyl Acetate. — When absolute alcohol and 
acetic acid are mixed, they gradually combine to form a 
neutral compound, ethyl acetate, and the acidity of the mix- 
ture diminishes. The action is never complete, because 
water is formed, which hydrolyses the product (§40), 
CH3.COOH + Et.OH CHg.COOEt + HjO, 

EquiUbrium has been found to result when two-thirds of the acid and 
alcohol have combined, the opposed actions then proceeding at equal 
rates (Berth^ot, 1S78}. At the ordinary temperature the change is 
exceedingly slow, and takes six years to reach equilibrium ; • it is rapidly 
accelerated as the temperature is raised, and at 100“ the action Js finished 
in a week or twn. But the llnal proportions are the same, and are inde- 
pendent of the temperature. 

The process of combination is greatly accelerated by 
adding a strong acid such as sulphuric or hydrochloric acid to 
the mixture (Scheele, 1782), the accelerative or catalytic 
action here being due to the hydrogen ions; weak acids 
have little or no influence on the rate of interaction. . 

When hydrochloric acid is employed, about one-fourth of a 
mixture of alcohol and acetic acid in molecular proportion is 
saturated with hydrogen chloride gas, and mixed with the 
remaining three-fourths. The mixture is then boiled for an 
hour or two in a reflux apparatus. 

The product having been cooled, tlfe ethyl acetate is salted out by 
shaking the liquid with common salt and a little water. Alcohol and 
acetic acid are soluble in brine, but ethyl acetate is insoluUe, so that the 
heavy layer of brine can be separated with a tap-funnel. The ethyl 
acetate is then shaken with a saturated solution of washing-soda, to remove 
the last traces of acid, and finally dried with potassium carbonate, or 
recently-fused sodium Metate. (Calcium chloride is unsuitable, as it is 
soluble in ethyl acetate.) It is then carefully fractionated. The last 
traces of water and alcohol can be removed by means of phosphorus 
pentoxide. 

When sulphuric acid is used as the catalyst, the process 
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can be made continuous, as in the manufacture of etheil^ A 
mixture of ethyl acetate, alcohol and water, containing about 
80 per cent, of the acetate, boils constantly at about 70^, and 
if alcohol and acetic, acid be heated on a water-bath with a 
little sulphuric acid, this mixture distils as fast as the materials 
are intr^uced. The distillate is purified as above, 

C 2 H 3 O.OH -f-CaHg.OH JC2H30,0C2 Hb + HaO^ 

. This is the best method of making large quantities of ethyl acetate ; the 
apparatus is the same as that which is used in the continuous^ ther process 
(Fig. 10, § 26), substituting a water-bath for the sand-bath. The crude 
e^yl acetate may also be freed from alcohol fairly effectively by distilling 
it with an equal bulk of water from a water-bath, and washing the vapour 
before condensation by passage through several vessels of water at ioo°. 
The distillate is separated from the subjacent water and dried with potas- 
sium carbonate, the residual alcohol being removed either by fractionation 
through a very efficient still-head (§ 4), or by treatment with phosphorus 
pentoxide. 

Ethyl acetate can also be made directly from metallic acetates (Scheele, 
1782}. Coarsely powdered, recently fused sodium acetate is . gradually 
added to a cooled mixture of alcohol and sulphuric acid, in the preparatioa 
of which heating has been avoided as far as possible. The liberated acetic 
acid slowly interacts with the ethyl hydrogen sulphate, and when the mass, 
which after a day or two is almost solid, is heated on a water-bath, fairly 
pure ethyl acetate passes over. The ethyl hydrogen sulphate probably 
interacts with the acid in the same way as with alcohol In the preparatiwi 


CaH^O.OH + = CaHaO.OC.H, -t- H,SO*. 

40. Composition and Foimula ol Ethyl Acetate : its Hydrolysis. 

—Ethyl acetate^ acetic ether or acetic ester* CHg.COOEt (De 
Lauraguais, I 7 S 9 )> is ^ colourless, neutral liquid, which, when 
pure, is akin to ordinary ether in odour. It boils at 7;®, 
freezes at ^84^ and has a specific gtavity of 0*907 at 15®. 
The empirical formula is C2H4O, and as the vapour density 
is about 44, the molecular formula is wiuch agre^ 

with the rational formula, C2H3O.OC2H5, anticipated from 
theoreticaJ considerations. 


This ratmal formula is also confirmed by the hvdrolvsis. 


which is ilfcily efiected by boiling the liquid with caustic 
soda solution in a reflux apparatus, until its odour is no 
longer perceptible. Alcohol can be distilled at once frpm the 
product, and acetic acid passes over on fesuming the dfetilla- 
after the residue has been strongly acidified with cilii^ 
^Iphuric add. \ 


^ From German Aether and Sditre iaxAd\. 
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TSlie ethereal salt is resolved into acid and alcohol, just as a 
metallic salt is decomposed into acid and base. The proce-s 
is sometimes termed saponification, from the analogy of the 
action to that which is involved in soap-making (§ 48 ), 

Et.OAc + Na.OH =^EtOH + Na.OAc, 

The hydrolysis is also effected, although very much more slowly, by water 
alone. If some neutral ethyl acetate be left in contact with a molecular ' 
proportion of wafer, the solution soon becomes acid, and the acidity slowly 
ittcreases until one-third of the ester has been hydrolysed. The point 
of equilibriuji is identical with that which results froni the interaction 
of alcohol and acetic acid (§39), and is reached more quickly when 
the mixture is heated. The . accelerating influence of the alkaU is due 
to the hydroxyl ions of the soda, which combine with the ethyl radical, 
forming undissociated alcohol ; the strength of a base can therefore be 
measured by its accelerating influence on the hydrolysis of ethyl acetate. 

Furtker confirmation of the above rational formula is afforded by other 
methods of preparation. Thus when ethyl iodide is heated with dry 
silver acetate, the white acetate is converted into yellow silver iodide, and 
the odour of the iodide is replaced by that of ethyl acetate. The action 
is analogous to the formation of ether from^i ethyl iodide and sodium 
ethoxide, and to that of acetic anhydride from acetyl chloride and sodium 
acetate. On this account ethyl acetate may be regarded as a compound 
ether or double oxide of the ethyl and acetyl radicals ; it is intermediate 
to ether and acetic anhydride in the rate at which it is hydrolysed. 

Et.Br -I- Ac.OAg = Ac.OEt + AgBr. 

The three oxides show the same gradation in properties as the two 
corresponding hydroxides, and afford an. excellent illustration, of the 
on. the aoXwty ot coinponnda. AteXle ae\A 

is more active than alcohol because of the influence of the negative acetyl 
radical. Ether, which contains two positive radicals, is a stable, inert 
substance; ethyl acetate, with one positive and one negative radical, is 
readily hydrolysed by alkalies; acetic anhydride, which contains two 
negative radicals, is rapidly hydrolysed even by cold water. 

Et.O.Et Et.O.Ac Ac.O.Ac. 

Stable to alkalies. Hydrolysed by alkalies, Hydrolysed by cold vater. 

41. Action of Acetyl Chloride and Acetic Anhydride on Alcohol : 
Diflt^ntuUion of Alkyllc from Acidic Hydroxyl. — When acetyl 
chloride is mixed with absolute alcohol, therO is a violent 
action, and much hydrogen chloride gas is evolved. On 
dUuting the product ^'ghriy with water, and n^tralising it 
with sodium carbonate, the odour of ethyl acetate is noticeable. 
The ester can be salted out by adding more of this salt, and 
characterised in the manuer described above. 

. The action of acetic anhydride is siinilar, except that water is eliminated 
ins|^d oaf fay^ogen chloride, and that the mixture must be warmed; 
fhis is the way of obtaining ethyl acetate free from alcohol] .the 
acetic ibidd ia^ excess of anhydride are removed by fracticmatioib 
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The acetyl radical here takes the place of the hydrogen of 
the alkylic hydroxyl, and as neither acetyl chloride nor acetic 
anhydride has any action on acetic acid, it is evident that^these 
agents afford a means of distinguis hing alkylic 
from acidic hydroxyl (Schutzenberger, 1865). The 
presence of hydroxyl having been proved by the action of 
phosphorus pentachloride, the substance is treated with 
acetyT chloride. If the hydroxyl is acidic, there is no 
action, but if it is alcoholic, hydrogen chloride gas is 
evolved, often with explosive vi^ence, and the acetate 
of the alcohol is formed. 

42. Synopsis. — Alcohol and acetic acid unite to form ethyl 
acetate, which is analogous on the one hand to the metallic 
salts, and hence is termed an ethereal salt, and on the other 
hand to ether and acetic anhydride, and hence is termed an 
ester or compound ether. .Acetyl chloride and acetic anhy- 
dride serve to differentiate alcoholic from acidic hydroxyl. 


ETHYL ACETATE. 




CH^ER VIII 


THE ALCOHOLS AND ACIDS OF THE ACETIC SERIES 

43. Methyl Aleohol and the Methyl Radical. — Alcohol, acetic 
acid, and ethyl acetate are types of three large classes of organic 
compounds ; the alcohols, the acids, and the ethereal salts or 
esters. We can now examine these in detail. 

The simplest of all the alcohols is methyl alcohol, which is 
formed in the dry distillation of wood, and thus accompanies 
acetic acid in crude pyroligneous acid. The head fraction ob- 
tained in the purification of this acid is a volatile, inflammable 
liquid tenned wood spirit (Boyle, i66i) ; it consists chiefly of 
acetone (,§ 88) and the hew alcohol, the isolation of which is 
a somewhat complicated process. 

The crude spirit is repeatedly boiled with lime, to eliminate acetic acid 
and water, and hydrolyse methyl acetate, and is then fractionated to 
separate the acetone. When free from acetone methyl alcohol does 
not yield iodoform with iodine and caustic alkali, and hence is readily 
distinguished from ordinary alcohol. 

Commercial methyl alcohol still contains some acetone, which is best 
eliminated by boiling with anhydrous oxalic acid, with which the alcohol 
forms a crystalline ethereal salt. The methyl oxalate, which separates on 
cooling the solution, is washed with cold water until free from acetone, 
and then hydrolysed.. The alcohol is dehydrated over quicklime ; or 
it may be dried by careful fractionation, as, unlike ethyl alcohol, it does 
not form a mixture of constant boiling-point with water. 

. An alternative method, which has the advantage of being less expensive, 
consists in boiling the commercial alcohol with anhydrous calcium chloride, 
which subsequently crystallises from the saturated solution as an alcoholate 
(§ 8). -The crystalline mass is drained, and finally decomposed by heat. 

alcohol is also prepared on a large scale by the dry distillation of 
“ vinasses,*’ the residual liquor from the alcohoHc fermentation of beet 
molasses (§213). It also occurs naturally in the oil of the winter-green, a 
shimb indigenous to New Jersey ; the chief constituent of this oil is methyl 
salicylate (§ 308), an ethereal salt from which pure methyl alcohol is set 
free by hydrolytic agents. It is a curious fact that methyl compounds 
occur in natural products much more frequently than ethyl compounds. 

16 
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Methyl CH3.OH (Taylor, 1812), is a colourle& Hqwd, 

which closely resembles ordinary or ethyl alcohol j it Soils at 
65°, freezes at —94®, and has a specific gravity of 0797 at 
15®. It is used for the methylation of ordinary alcohol, the 
preparation of various aniline dyes, ‘and the manufacture of 
the antiseptic, formalin (§ 86). 

The chemical behaviour of methyl alcohol is similar to that 
of ethyl alcohol in almost every detail. Sodium dissolves in it, 
forming a crystalline compound, which when heated yields 
sodium methoxidej CHg.ONa, a wl#te amorphous powder re^ 
sembHng sodium ethoxide. This is reconverted by water into 
caustic soda and the alcohol. » 

The only difference from sodium ethoxide is that it does not oxidise Mid 
turn brown in air ; hence methyl alcohol is employed instead of ethyl 
alcohol when caustic alkalies are required in alcoholic solution. 

The action of the phosphorus haloids and the acids is also 
similar. Methyl iodide^ CH3I (Dumas and Peligot, 1835 ), is 
formed in the same way as ethyl iodide ; it boUs at 44®, and 
has a specific gravity of 2 -27 at 1 5®. Methyl hydrogen sulphate^ 
CH3.HS04, is a syrupy* hquid, and methyl sodium sulphate, 
CHs.NaSOi, a soft crystalline sohd. 

Methyl chloride, CH3CI (Dumas, 1831), formed by the action of hydrogen 
chloride on methyl alcohol in presence of zinc chloride, differs from ethyl 
chloride only in that it boils at — 23°, and is gaseous at ordinary tempera- 
tures. M eihyt bromide, , CH3Br (Bunsen, 1 84 4) , is a similar volatile liquid^ 
boiling at 4®; it is hydrolysed by caustic spda to methyl alcohol and 
sodium bromide, Methyl sulphate, (CH3)2S04, from methyl alcohol and 
pyrosulphuric acid, is a heavy liquid which boils at 189®, and like ethyl 
sulphate is very poisonous. 

Meihyl oxide or methyl ether, (CH3)30 (Dumas), is a soluble gas which 
liquefies at — 23°; it is prepared in the same way as ordinary ether, and is 
therefore present in ether made from methylated spirit, Meihyl ackate, 
tCH, .CO.OCH3, made by the action of acetic acid on methyl alcohol in 
presence of strong acids, is a fragrant liquid which boils at 57°; it 
resembles ethyl acetate in all essential points. 

Apart from physical differences • and differences of com- 
position, everything that has been said of ethyl alcohol and 
its derivatives may be said of methyl alcohol and its deriva- 
tives. The simpler alcohol is therefore the hydroxide of an 
alkylic radical, methyl, 

CH3 or Uo 

The Methyl Radical. 

g)umas and P^igot, 1834; /ic^u^^wine; uAi; = wood), its . 
wtiona^rmula being » 

gIaDHorMc.Oa 
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44. ^QtmV^ wi 4 \\» f OTmatw.— NVYien mettiyl alcolioWs 
boiled with acid permanganate, it is partly oxidised to carbon 
dioxide and water, but a certain amount of formic acid, an 
acid oxida|ioa product analogous to acetic acid, is also 
obtained, ftiis is best prepared by distilling oxalic acid with 
glycerol at 120-130° (Bertheiot, 185^) j dilute formic acid 
passes over if crystallised oxalic acid is used, but eventually 
90 per cent, acid if the oxalic acid has previously been 
dehydrated. 

C3H2O4— CI|||^02 (see § 122). 

The same product is formeSf by exposing the alcohol to the mild oxidising 
action of air in presence of platinum black (Dumas, 1831) ; it is identical 
with the formic acid prepared by di^illing red ants [formica) or stinging 
nettles with water. Formic acid can also be made by distilling starch 
with manganese dioxide and dilute sulphuric acid (Scheele, 1770), or sugars 
and other carbohydrates (§ 167) with dilute mineral acids. It occurs 
naturally in the animal organism in certain diseases, such as rheumatic 
fever, in which it is probably formed by hydrolysis of lactic acid (§ 137I. 

Anhydrous formic acid is conveniently prepared by dehydrating the 
90 per cent, acid, sp.gr. 1*2, with phosphorus pentoxide; it cannot be 
made by the action of sulphuric acid on the sodium S£dt, as it is converted 
into carbon monoxide by this agent. The pentoxide is cautiously added to 
the weU-cooled acid as long as it is dissolved readily, if care be taken 
to avoid rise of temperature, little decomposition occurs ; on fractionally 
distilling the product a glacial acid is obtained, from which the last traces 
of water can be eliminated by fractional crystallisation. 

Concentrated formic acid may also be dehydrated by boiling in a 
r^ux apparatus with boric anhydride, but the action is very slow. 
A less convenient method of preparing the anhydrous acid consists in de- 
composing the lead salt with dry sulphuretted hydrogen at lOo’’. 

Formic acid^ H.COOH (Ray, 1670), is a colourless, corrosive 
liquid, or crystalline solid, which melts at 8°, boils at 101°, and 
has a specife gravity of 1-225 at 15°; a diluted acid con- 
taining 23 per cent, of water boils constantly at 107°. . 
Formic acid is a much more powerful acid than acetic acid, 
its dissociation, constant being 0-0214; R fumes slightly in 
the air, and its vapour is very pungent. The concentrated 
acid rapidly destroys the skin. 

The empirical formula of formic acid is CH2O2, and this is 
the molecular formula indicated by the vapour density ; the 
formation of the acid from methyl aicohol is therefore precisely 
analogous to that of acetic acid from ethyl alcohol, two of 
the methyl hydrogen atoms being replaced by an atom of 
oxygen. ' ■ ♦ 

CH4O +20=CHa03 -l-HaO. 
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Formic acid resembles acetic acid almost as closely as 
methyl alcohol resembles ethyl alcohol. Sodium formate, 
H.COONa+ H3O, is a crystalline substance, resembling sodium 
acetate. Ammonium formate, H.COONH^, is a v.ery soluble 
salt resembling ammonium acetate. Barium formate, 
Ba(CH20^)2, made frofn the acetate and carbonate, is an im- . 
portant reducing agent (§82). 

The soluble red ferric formate, Fe(CH02)3, made in the same way as ferric 
acetate, is hydrolysed by boilmg water in a similar manner to formic acid 
and an insoluble, brown, basic salt. Coffer formate, Cu(CH02)a + H20, 
prepared from copper oxide, forms well-defined blue crystals, and lead 
formate, Pb(CH02i2, also crystallises well, and is sweet and astringent like 
lead acetate (Ray). ♦ 

Methyl formate, H.COOMe, which is made hy the interaction of sodium 
formate with methyl alcohol saturated with hydrogen chloride gas, b a 
fragrant liquid boiling at 32° ; like the acetate it is hydrolysed to its 
proximate constituents by alkalies. Ethyl formate, H.COOEt, is similar, 
but boils at 54^ 

By reason, however, of their close relation to carbon mon- 
oxide and carbonic acid, formic acid and its salts behave in 
an anomalous manner towards oxidising and dehydrating 
agents. They are at once decomposed by concentrated sul- 
phuric acid, giving a quantitative yield of carbon monoxide, 
and because of their ready oxidisability have marked reduc- 
ing powers ; formates reduce silver salts to silver in neutral 
solution, and mercuric chloride to calomel even in acid solution, - 

For the same reason the chloride and anhydride of the' 
formyl radical CHO, of which formic acid is the 
hydroxide, which might be expected from the analogy to 
acetic acid, have never been prepared ; the product of the 
action of phosphorus trichloride on the acid at once decom- 
poses into carbon monoxide and hydrogen chloride. 

3CHO.OH +Pa3=3CO-f 3HCI +H3PO3. 

Apart, however, from this special and peculiar instability 
towards oxidising and dehydrating agents, formic acid is a 
true analogue of acetic acid. 


When a solution of silver nitrate, to which -enough ammonia has been 
added exactly to redissolve the oxide at first precipitated, is warmed with 
a neutral solution of a formate, metallic silver is precipitated, usually as 
a mirror; similarly, . mercuric chloride is reduced to calomel when its 
solution is heated with a formate. 


zAgNQs+CHjOa -t' 4 NHa-J-HsO*= aAg -faNH^NOa -H {NHJaCOa 1 
The conversion of formic acid into oxides of carbon is reversed with equal 

mlltv. anA IQthiS Ka j: sx. , 


i way the acid can be made artificially from its elements. 


facUltyi 



45 ] Alcohols and Acids of Acetic Series- 49 

Such processes are termed syuthetic processes. Potassium formate is 
produced quantitatively when a stick of potash is exposed to an atmo- 
sphere of carbon monoxide at lOO® {Berthelot, 1855) ; the absorption is 
complete in about three days, but the same result may be brought about 
in an hour by passing the moist gas over soda-lime heated at 200°. 

CO + KOH = KHCOa* 

Sodium formate is also produced by the- slow reduction of ammonium 
carbonate with sodium amalgam. 

(NH*)aC03 + 2Na = NaHCOa + aNHg + NaOH. 

45. Propyl Aleohol, Propionic Acid, and the Higher Alcohols and 
Acids. — Several alcohols of high boiling point, which are 
chemically analogous to methyl and ethyl alcohol, are formed 
in small amount in the alcoholic fermentation of sugar. They 
are sparingly soluble in water, and hence form with it a 
milky tail fraction in the rectification of spirit ; the mixture 
of alcohols, when separated from the accompanying water, 
is termed fusel oil (Scheele, 1785). 

Although their boiling points differ considerably, these cannot be coni- 
pletely separated by ordinary fractionation. The mixed iodides, however, 
formed by the action of iodine and red phosph6rus on the dry fusel oil, are 
convertible into the acetates by heating with silver acetate, and these 
acetates can be separated fractionally. The separate alcohols obtained 
by hydrolysing the pure acetates can then be purified and dehydrated. 

Propyl alcohol, CgH^.OH (Chancel, 1853), which constitutes 
about 3 per cent, of the fusel oil made from potato-spirit, 
is a liquid which boils at 97°, and has a specific gravity of 
0-807 at 15®. It resembles ethyl alcohol in its chemical 
actions, although somewhat more sluggish, but is less pleasant 
in odour ; and owing to the higher percentage of carbon, it 
burns with a luminous flame. 

The various derivatives of propyl alcohol, are similar to those of ethyl 
and methyl alcohols, and there is no need to describe them ; the only 
diflerence is that the liquid products boil at higher temperatufes, and. 
as a rule, are denser. By the same reasoning as before, they are the com- 
pounds of a propyl radical, C3H7 or Pr. 

Propyl alcohol is readily oxidised by acid permanganate, 
and the resulting acid is distinguished from acetic acid by its 
insolubility in calcium chloride solution, by which it is salted 
out as an oily layer (wporo? ttlov = first oil). It also occurs in 
pyroligneous acid (§ 29), from which it may be separated by 
fractionation. 

Propionic acid, CjHg.COOH (Gottlieb, 1 844), is a colourless 
liquid, of aci 4 but somewhat rancid odour. The anhydrous 
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acid boils at 141°, freezes at -19“, and has a specific gravi^ 
of I -017 at 0° ; a 30 per cent, aqueous solution of proponic 

acid boils at 99®. ^ 

Propionic acid is a somewhat weaker acid 
sociatL constant being 0-0013 ; its U-! 

acetic acid in the manner of their formation and decompiKition, and they 
ate therefore compounds of a propionyl ra di c a^l , ka «5 * 

Butyric acid is found as an ethereal salt in fr A: bptter 
tbuivrum), and can be prepared from butter fat, which contains 
4 or 5 per cent, of this acid. The clarified fat is heated on a 
water bath with alcoholic potash until it is entirely dissolved, - 
and the heating is continued until the alcohol is 
water being added from time to time. The product is acidified 
with dilute sulphuric acid and allowed to cool, the cake of sohd 
fat acids (§49) is removed, and on distilling the clear filtrate, 
an aqueous solution of butyric acid and allied volatile acids 
passes over. Butyric acid is most easily made by fermenting 
lactic acid (§136)- 

The butyric acid is separated from the other volatile aci^ by neutral- 
ising the solution with lime water. Calcium butyrate is much l^s 
soluble in hot than in cold water, and separates as a scum on heating the 
neutraUsed solution ; a cold saturated solution of calcium butyrate be- 
comes semi -solid when heated, and the acid is thus easily purified. 


Butyric acid, CgH^-COOH (Chevrcul, 1823), is a ^mewhat 
oily liquid, having a sharp and very rancid odour. It freezes 
at -6°, boils at 162®, and is only sparingly soluble in water, 
but readily distils with it at about 99®. The dissociation 
constant of the acid is 0*0015, ‘so* that it is slightly stronger, 
than propionic acid. 

The derivatives of butyric acid are similar to those of pro- 
pionic and acetic acids. Butyl alcohol, C^Hg.OH (Lieben and 
Rossi, 1869), a liquid boiling at ii;®, and having a distinctiy 
unpleasant odour, forms about 6 per cent, of potato fuSel oil ; 
it was originally obtained by the reduction of butyric aldehyde 
(§86), and may also be prepared from butyric anhydride ib 
a similar manner (§ 36). 

It is unnecessary f 0 mention more than the prinripal of the remaining 
analogues of ^tehol and acetic acid ; acids and alcwols are known con* 
taining all numbers of >carbon atoms up to eighteen, and m^iny beytmd. 

. AmylScohd, a liquid boiling at 138^ '{^also § 96). is^t^ 

CiHg.COOH, in the same wa:f as butyl alc^l to 
alcohol and the acid are characti^dsed by their nmfe 
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impleasaoli odours. Caproio acid, znd capryiic acid, 

COOHf^e oily liquids which occur in combination in goats’ butter, and, 
toge^r with butyric acid, in cows’ butter. Octyl alcohol, CgHjj.OH, 
is f (mild in li^e^cleum; pelargonic acid, CgHiy.COOH, in the leaves of 
the ger^fnium. 

46. Ethereal Salts and Mixed. Ethers. — The ethereal salts 
or esters of these alcohols and acids are liquids of fragrant 
od^ur. and flav^, arid in dilute alcoholic solution are used as 
fruit essences ; they are made in the same way as ethyl acetate 
{§ 39). The odour and flavour of many of the fruits are due to 

• small quantities of these substances ; propyl acetate is charMc- 
teristic of pears, the amyl acetate made from fusel oil recalls 
Jargonelle pears, and ethyl butyrate suggests pineapples. 

Not only arc the alkyl radicals variously combined with the acids 
in these ethereal salts, but they can be united with one another in a 
series of compounds, termed the mixed ethers. The existence of these 
completes the proof of the identity of ordinary ether with ethyl oxide 
(Williamson, 1851). * 

Methyl ethyl ether, CHs.O.C^Hi,, a liquid which boils at 1 1°, and resembles 
ordinary ether, is formed by the interaction both of methyl iodide %ith 
sodium etboxide, and of ethyl iodide with sodium methoxide, so that the 
presence of both alkyl radicals cannot be doubted. Similarly, it is formed 
bDth by the action of methyl alcohol on ethyl hydrogen sulphate, and by 
that of ethyl alcohol on methyl hydrogen sulphate, and is therefore 
present in the ether made from methylated spirit. 

CHJ+Na.O.CaHj ->CH3.0.C2H5 ^-CHa.O.Na + 

A still convincing proof that the conversion of alcohol into ether 
is due to interaction with ethyl hydrogen sulphate, is afforded by the 
action of oidinary alcohol on a hot mixture of sulphuric acid and amyl 
alcohol. The mixture initially contains amyl hydrogen sulphate, and the 
first product is ethyl amyl ether, C2H5.0.CgHii, a liquid boiling at ira°. 
But as the action proceeds, and ethyl hydrogen sulphate is formed, the 
mixed, ether Is accompanied by a steadily increasing amount of ordinary 
ether, until finally the latter alone passes over. The residue in the distilling 
flask now contains only ethyl hydrogen sulphate, which can be isolated in 
the customary manner (Williamson, 1851).* 

Besides mixed ethers, mixed acid anhydrides are known, such as formic 
acetic arihydride, CHO.O.C^H^O, and acetic butyric anhydride, C^H30.0. 
CjHyO ; these are unstable liquitfe of high boiling-point, which are 
readily decomposed into their respective simple anhydrides when heated. 

47. Synopsis, — Alc^pl, acetic acid, and ethyl acetate, are types 
of the three classes of alcohols, acids, and ethereal salts or esters, 
the mem^rs of which form well-defined graduated series. 





CHAPTER IX 

THE FATTY ACIDS : HOMOLOGY ; ISOMERISM 

48. Fats, Oils and Soaps.— The common fats and fatty acids 
are ethereal salts or esters, in which a complex alcohol, gly- 
cerol CgH-COHlg (§ 127) is united with palmitic, stearic or 
oleic acid". Olein, is liquid at ordinary 

temperatures, whilst stearin, C3H5 (€18113502)3, and palmitin, 
are hard solids ; the varying consistence of 
the different fats and oils depends on the relative proportions of 
these three constituents. The corresponding alkali salts are 
the ordinary soaps, and the waxes are esters of the fatty, 
and similar acids, with complex alcohols of the ethyl series: 

Mutton suet is stearin, with some palmitin. ^ As an ester it 
is^ readily hydrolysed by caustic soda to the alcohol, glycerol, 
and the sodium salt or soap ; the hydrolysis of ethereal salts 
is hence sometimes termed saponification, the conver- 
sion of an ester into the sodium salt of its acid being analogous 
to the saponification (conversion into soap) of a fat. 

On boiling clear, filtered fat with concentrated caustic soda solution in an 
iron vesseWt is gradually dissolved, and, after a time, the molten globules 
entirely disappear ; water must be added as requiied to replace that lost 
by evaporation. On stirring common salt into the product, the soap 
or sodium stearate rises to the surface as an oily layer, which solidifies to 
a white cake on cooling ; the glycerol remains in the alkaline lye. The 
soap is purified by dissolving in hot water, and repeatedly salting out 
until sufi&ciently free from alkali ; the cake is then allowed to dry in the 
air. Soap always contains a considerable proportion of water. 

The hydrolysis is more rapidly effected by alcoholic soda. The fat is 
melted on a water-bath, and poured into alcohol, forming a granular 
mixture of solid and solution. Solid caustic soda is now added in small 
pieces ; there is a violent action, which is complete as soon as the alkali 
has dissolved. The soap sets to a transparent cake when cold. 

The impure sodium stearate obtained by boiling tallow with con» 
centra ted aqueous soda is ordinary curd soap ; it derives its name from 
the method of purification, the soap separating in light curds when salt 
or strong caustic lye is added to the crude solution. Castile soap is pre- 
pared from olive oil, and the cheaper forms of curd soap are made from 
cocoa-nut oil, ot from palm-oil, previously bleached with chromic acid 
mixture. Common yellow soap is prepared either from crude palm-oil* 
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or from tallow mixed with resin (§ 351)* Tiie transparent soapS: are 
obtained by evaporating the alcoholic solutions of the sodium soaps, 
boiling down tbeir aqueoiB solutions with sugar, - A ' 

Potassium soaps are more soluble than sodium soaps, and as aw 
converted into sodium soaps by common salt, they cannot salted out. 
The highly alkaline jelly obtained by evaporating the caustic solution, fe 
ordinary soft soap ; it is usually made from train oih Only the alkali 
^ soaps are soluble ; the lead soap or plaster formed by boiling fat with 
litharge and water, is a soft insoluble mass ; the magnesium and caldi|m 
soaps constitute the curdy scum, which is formed when soap used wfrh 
hard water. 

Soap was known to the Romans, who probably made the necessary 
caustic alkali by boiling seaweed ashes with lime— they are said to have 
learned the method from the Gauls ; it was an expensive luxury, how- 
ever, and free caustic alkali and ammoniacal urine were genendly used 
for clean Lig, 

The detergent action of soap is due to its hydrolysis by ex- 
cess of water. Stearic acid and its congeners .are very feeble 
acids, and although a strong solution of pure "sodium stearate 
is neural, it becomes alkaline on dilution owing to liberation 
of caustic soda. The soda combines with and loosens the 
greasy dirt, which is then enveloped in a lather by the in-, 
soluble acid salt, which is simultaneously set* free (Chevreul, 
1813). A second incidental advantage -over caustic soda,iis 
that it is impossible for the alkali to become concentrated, as 
on concentrating the solution soap is again formed ; the 
hydrolytic action of the water is reversible, as in the case of 
ethyl acetate. 

Palmitic and Stearic Acids : Cetyl Alcohol.— The fatty acids 
are set free by decomposing their alkali salts, the soaps, with 
dilute mineral acids. Stearic acid is readily obtained from 
mutton fat in this way. The soap is boiled with exeess of 
dilute sulphuric acid, and the mixed oily acids which rise to 
the surface solidify to a cake on cooling. After thoroughly 
washitig with water, the stearic acid is separated fronj fbe 
accompanying palmitic acid by fractional crystalHsafiDn 
from hot alcohol ; it is less soluble than palmitic acid, arid- 
therefore tends to separate first. * ^ 

The stearic acid is more readily separated by adding an alcc^olic solutimi 
of magnesium acetate to the hot alcoholic solution of thetar^ acids; 
the precipitate first thrown down consists of magnesium stearate (Heintz, 
1853), ^’Stearin ” candles are made of the mixture of stearic smdpafrnidc 
agiilB, which is obtained by hydrolysing tallow wfth ^tUphuric add at'U 
ll^teiE^ature (§ 137); the crude acids are pur^^ by dtofliaffog 
superheated steam, and are usually mixed with a ^tain pfopbr- 
tioo pf^8olid paraffin ^ 79) to binder crystamsation. 
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RUmitic add k obtained from palm-oil, which consists 
principally of palmitin and oHn (Heintz), The palmitic acid 
set km from the soap is separated from the freely soluble 
oleic add#(|i33) by crystallisation from alcohol, the operation 
being routed until the melting-point is constant (Fig. 12.) 
Sodium palmitate is also obtained by fusing oleic acid with 
cj,ustic potash. 

Palmitic acidt C^sHai.COOH (Chevreul, 1813), crystallises 
from alcohol or ether in white needles, melts at 62^, and boils 
at 356®. acid, C^^H^p.COOH (Chevreul, o-rcap = 
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tallow), forms pearly plates, melts at 69^, and boils at about 
380®. Both acids are decomposed when distilled under ordin- 
ary pressure, but they can be distilled unclianged under 
dimii^h^ pressure (§ 143) or in a current of superheated 
steam ; the boiling points under 15 mm. -pressure are 215° and 
232® respectively. 

Palmitic and stearic acids are inodorous and tasteless, 
but their alcoholic solutions redden htmus ; they form 
derivatives which resemble chemically those of the lower 
fatty acids, and differ from them only quantitatively. 

P(^Uyl and stearyl chlorides are stable solids, which are formed by 
the aCTidn crf phosphorus pentachloride on the acids. Palmitic anhydride 
is a white. cJT^tallitte solid melting at 56”, which is formed by heating 
pahnitfc acid with acetic anhydride at 150®. Stearic anhydride is a similar 
sa^taaccj sueltmg at 77®. Ethyl stearate^ which is made by passing 
hydrogi^ i^loride into an, alcoholic solution of the acid, ^ melts at 33”. 

* See Laborat<a:y Notes, 
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The natural waxes are ethereal salts of the fatty acids with 
alcohols of the ethyl series. Spermaceti, the wax which 
crystallises from sperm oil, is cetyl pdmitate^ C.„H,3.0.0C„H3.. 

The cetyl alcohol can be isolated by hydrolysing the wax with boiling 
alcoholic potash, and precipitating the palmitic acid with barium chloride. 
The barium palmitate is filtered off, and the cetyl alcohol separates on 
concentrating the solution. 

Cetyl alcohol y Cj^Hgg.OH. (ChevreuI, 1823), is a white*I 
crystalline, wax-like substance, which melts at 49®, and boils 
at 344®, or at 189® under a pressure of 15 mm. ; it is inodor- 
ous and tasteless. 

When heated with soda-lime it is oxidised to the alkali palmitate, 
hydrogen being evolved ; conversely, palmitic acid is reduced to cetyl 
alcohol when warmed with zinc dust and acetic acid. SUaryl alcohol, 
CjgHgi^.OH, a crystalline solid melting at 39°, is made from stearic acid in. 
the same way. These alcohols form chlorides, iodides, esters, etc., in the 
same way as the liquid alcohols. 

Beeswax consists of myricyl palmitcUe, CjeK^iO.OCsoHgi, and ceryl 
cerotate, 03711530 . 00271155 . 

50, Homologous Sories : the AUphafie Alcohols and Adds. — 

The alcohols and acids, of which acetic acid and ethyl alcohol 
are the types, form two parallel series, the members of whicl^ 
are strikingly similar in properties ; the alcohols resemble 
ethyl alcohol in forming esters, ethers, etc., and the acids 
resemble acetic acid. 

The lowest members of these series are liquids which have marked and 
pleasant odours, and are freely soluble in water. As the series are ascended, 
the solubilities diminish, and the liquids become more viscous and oily ; 
at the same time their odours become unpleasant. The ten-carbon 
alcohol and acid are practically insoluble in water, but have only faint 
odours. The sixteen -carbon compounds, cetyl alcohol and palmitic 
acid, ate wax-like, crystalline substances, which are quite insoluble in 
water, and odourless. The same gradation of properties is noticeable 
in the ethereal salts, although the odour of these, however powerful, is 
never.actually unpleasant. 

The acids of the acetic series are termed the fatty or ali-» 
phatic acids, from the origin of the higher members, and the 
whole group of compounds, from its relationship to the 
acids, is known as the fatty or aliphatic* group of 
pounds. 

With respect to composition a remarkable raationshlp 
mdsts amongst the individual members of the ^veral series. 


d\e(^ap=oiL 
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The alcohols and acids, as organic hydroxides, bear a general 
analogy to the alkali hydroxides and inorganic hydroxyacids ; 
and tMs analogy extends to the graduated increase in mole- 
cular weight, and concurrent alteration in physical properties. 
But instead of the molecular increment being merely approxi- 
mately regular, as in the inorganic series, it is perfectly 
regular and constant. 

The Aliphatic Alcohols and Acids (§81). 

Methyl alcohol (65®) CH3.0H-<-~>^Forinic acid (loi®) CHO.OH 
Ethyl alcdhol (78®) .0 Acetic acid (118°) GJH3O. OH 

Propyl alcohol (97®) CaH^.OH-^-^Propionic acid (i4i®)C3H70.0H 
Butyl alcohol (117^) C4H9.0H'<— >-Butyric acid (162°) C4H7O.OH 
Amyl alcohol (138®) CsHi^.OH-O^Valeric acid (186°) CsHgO.OH 


Cetyl alcohol (344'^) C18H33.OH-4— ^-Palmitic acid (3 O.OH 

Stearyl alcohol ( — ) Ci8H37.0H-<->Stearic acid (38o*’)CigH350.0H 


The members of these series difier in formulas uniformly by 
CH2, or a multiple of this group, and in molecular weight by 
14, or a multiple of this number (Schiel, Dumas, 1842) — 
C2H5.OH— CH 3 . 0 H-CH 2 -I 4 . 

C17H36.COOH— H.COOH = I7CH2=i7X 14. 

This relationship, which in such exact’ form is unknown 
amongst inorganic compounds, is termed homology (Ger- 
hardt, 1844; o/xoA.oyo 9 , agreeing). The series are termed 
homologous series, and their members are known 
as homologous compounds, or homologues. Methyl 
alcohol is thus the lower homologue of ethyl and cetyl alcohols, 
and stearic acid the higher homologne of formic and valeric 
acids. 

It is obvious that homology obtains in. all the series of compounds. 
Methyl chloride, for example, is homologous with ethyl ‘and propyl 
chlorides ; propyl hydrogen sulphate is homologous with the other alkyl 
sulphates, and stearic anhydride is homologous with acetic anhydride. 

Homologous compounds may be represented by general formulae. 
The general formula of the alcohols is 

+ i.OH or CaHjn + sO, 

and- that of the acids is 

CuHsu , _^0.0H or CnHa^Ofl. 

The alkyl and acyl radicals are respectively represented by the formulas 
and 

SO that the general formula of the esters is 

^■nHgn-iO.OCBiHani+ I or Cm + iiHs(ni^.n}03, 

which h identical with the general formula of the acids (c£. S 51 ). 
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51. bomerism and Metamerism.— Many pf the oxides and hy- 
droxides are related in another manner, which again is 
peculiar to organic compounds. It often happens in the varied 
combinations of the homologous radicals that compounds are 
formed, which although quite distinct from one another, 
have the same composition and formula (cf. § 50 )* Thus ; 

Methyl propionate , , , C2H5.C^.OCH3, ' 

Ethyl acetate . . « . CHg.CO.OC^HB and 

Propyl formate .... H.CO.OC^Hy 
have the same empirical formula, C2H*0. Methyl formate 
and acetic acid, and alcohol and methyl ether, form similar 
pairs. 

Compounds such as these, which have the same composition 
and formulae, but different properties, are termed isomeric 
compounds, or isomerides {Berzelius, 1838 ; fo-os^equal, 
|ui^os=a part), and the relationship between them is known 
as isomerism. There are many forms of isomerism amongst 
organic compounds. This particular form is sometimes 
known as metamerism; the term, however, is now 
rarely used. 

52. Synopsis. — The fats, waxes and soaps are ethereal or 
metallic salts of complex acids of the acetic series, and on this 
account the acetic and related series are collectively termed 
the fatty or aliphatic group. The members of the various 
series differ in composition by regular atomic increments, and 
are hence termed homologues. Many of them are identical 
in composition but different in properties, and are hence 
termed isomerides. 



SECTION II 


SYNTHESIS AND MOLECULAR STRUCTURE 

CHAPTER X 

ACETAMIDE AND ETHYLAMINE 

63* Acetamide. — As ethyl acetate is hydrolysed to its proxi- 
mate constituents by alkalies, in the same way as a metallic 
salt, one would expect ammonia, to have the same action. 
But instead of ammonium acetate, a dehydrated product 
termed acetamide is obtained ; the reaction was first ob- ' 
served with ethyl oxalate (Liebig, 1334), 

When ethyl acetate is added to an equal volume of concen- 
trated ammonia, the liquids do not at first mix, but they be- 
come homogeneous if , occasionally shaken ; in winter the 
mixture should be kept in a warm place, but it is unnecessary 
to heat it in a sealed tube. 

On distilling the product a day or two later, the excess of 
ammonia is first expelled, and then a solution of ammonia in 
dilute alcohol passes over, followed by water alone, Finally 
the thermometer rises rapidly to over 200°, and an oily 
liquid distils, which soon crystallises to a white soUd ; it is 
best to remove the condenser at this stage, and receive the 
distillate in a test tube cooled with wet filter paper. 

The crude product usually melts at about 60*, but by removing the accom- 
panying liquid by draining the warm product quickly at the filter -piunp, 
the melting point is raised 10® or more, and on re-melting, and repeating 
this fractional crystallisation it eventually becomes constant. 

Aceiamidet CHg.CO.NHj (Dumas, 1847), is a colourless, 
crystalline substance, which melts at 82**, boils at 222°, and 
sub^es slowly in long ne^es when kept at a temperature 
sligiitiy below its melting point ; it is ireely soluble in water 
and alcohol, and very hygroscopic. The crude product smells 
Ij^e mice, but this is due to an impurity, for after washing 
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with dry ether, or recrystalUsing feom hot chloroform, it be- 
comes practically odourless. 

54 . Petection and Estimation ol Nitrogen. — Acetamide contains 
nitrogen, as well as carbon and hydrogen! There are two 
methods of detecting nitrogen in an organic compound. In 
the first method, the substance is mixed with powdered soda- 
lime, and heated to redness in a test-tube ; ' if nitrogen is pre- 
sent, ammonia is evolved, and can be recognized by the usual 
tests. This test fails with certain substances, and if it gives 
a negative result (but not otherwise) must be supplemented . 
by a second test, which is almost universally applicable. 

A small portion of the substance is heated with excess of 
sodium in a small test-tube, and after the first action is over 
the mass is heated to full redness for at least half a minute ; 
this heating is essential Under these conditions, the nitrogen 
is converted into sodium cyanide, which can be identified by 
conversion into Prussian blue (Lassaigne, 1843; § 202). 

The test-tube is broken with water while hot ; the solution 
of cyanide is filtered from carbon, and warmed with ferrous 
and ferric solutions and excess of alkali ; on then acidifying 
with hydrochloric acid, Prussian blue is precipitated. 

The best method of estimating nitrogen in an organic compound consists 
In burning the substance with copper oxide in a combustion tube, and 
measuring the liberated nitrogen (Dumas, 1831). It is termed the absolute 
method. The substance is mixed with part of the copper oxide, instead 
of resting in a boat as in the’ carbon combustion, and carbon dioxide is 
passed through the tube before and after the combustion, to expel the air 
and nitrogen. The gases, after passing over red-hot copper gauze, to 
decompose oxides of nitrogen, are collected over mercury, in a graduated 
tube, which contains strong caustic potash solution, to absorb the carbon 
dioxide (Fig. 13}. The weight of nitrogen is then calculated from the 
volume of gas remaining. 

The nitrogen in physiological and agricultural products can usually be 
estimated with sufficient accuracy by conversion into ammonia (Kjeldahl, 
1883). The substance is heated with concentrated sulphuric acid on a 
sand-bath until the carbon is completely oxidised, and the solution is clear 
nearly colourless ; a little potassium permanganate or mercuric o^de 
is sometimes added towards the end of the operation to comi^^e ,fbe 
oxidation. The nitrogen is thus converted into ammonium sulpl^tfe. . ■ 
Excess of caustic soda solution is now cautiously added, and the 
Is distilled off into a known amount of standard sulphuric acid, and ijet* 
mined vnlumetricaily. The process is not used in pure chemical inv^fi^a* 

‘ tioas, as many substances fail to yield the whole of their nitrogen as 
ammonia, when treated in this manner. An , older method, in whitffi the 
substance is distilled with soda-lime, is open to the same objectioa. 

In a nitrog^ combustion of acetamide, 

<ytos6 gram gave 2^6 cc. of moist nitrog^, at 20’ and.769 mm* 
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The weight of this volume of gas is 

0-0262 gram* 

auU the percentage of nitrogen 

(0'ar262/Q*1096} X 100 = J3-Q. 

In the estimation of carbon and hydrogen in nitrogenous substances a 
long roll of red-hot copper or silver gauze is placed after the copper oxide, 



13.— Kstimatioii of Nitrogen by Combustion with Copper Oxide. 

The carbon dioxide is generated by heating sodium hydrogen carbonate or magnesite, . The mer- 
cury at tlie bottom of the nitrometer or measuring -tube prevents the passaige of tlte potash into the 
combustion tube. 

to decompose any oxides of nitrogen that may be formed ; these would 
otherwise be absorbed in the sulphuric acid or potash of^the absorption 
bulbs, ami spoil the analysis. 

In a carbon combustion of acetamide 

0'i937 gram gave 0-2884. gram CO^ and 0-1492 gram HaO; 

C = 40-61, H — 8-56 per cent. 

The empirical formula C2H5NO requires 

C ^ 40-68, H = 8*48, N =» 23-73, 0 = 27-10. 

55. Relation ol Acetamide to Acetic Acid and Ammonia; Us 
Hydrolysis. — The empirical formula of acetamide, C 2 H 5 NO, is 
also ime molecular formula indicated by the vapour density. 
Th| f|)Tmatioii of acetamide from ethyl acetate is therefore 
r%>^^ented by the following equilibrium equation. 

CjHaO.OEt + NH3 CsHfiNO + Et.OH.* 

When acetamide is boiled with caustic soda solution, it 


• 83*6 X (758/760) X (273/293) X o'(foi256 (0*001256 « weight of i oc. 
of nitr og^ at o'* and 760 mm. j pressure of water vapour at 20® « 17 mm-) 
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gives off the whole of its nitrogen as ammonia, and Oo distfi- 
ling the residue with dilute sulphuric acid, acetic 
over. The same decomposition is effected by boiling withdit^ 
sulphuric acid ; acetic acid now passes over, and amni'^inm 
sulphate remains in the residue. ' •' 

Acetamide is thus readily hydrolysed. r 

CgHsNO + HOH - C2H3O.OH + NHg, - i 
As it is both made from and convertible into acetic acid^ 
acetamide must contain the acetyl radical, so that its rational ' 
formula is C2H3O.NH2 or Ac.NHg. The, amide is therefore 
derived from the acid by the exchange of hydroxyl for 
amidogen, and the ammonia in its formation behaves as 
nitrogen hydride, and not as ammonium.hydtoxide. 

This rational formula of acetamide is confirmed by other mod^ of 
formation. The amide is generated by the interaction of acetyl chloride 
with ammonium, carbonate, or even with aqueous ammonia (Gerhardt 
1853). It is also formed by distilling ammoniura acetate, or heating 
in.a^ealed tube at (Kundig, 1858). The yield, however, is poor in 
both cases. ; 

A(;,cj +NH3 = Ac.NHa +Ha; 

AC.ONH* =. AC.NH3 + H3O. 

The constitution of acetamide accords with the neutral character of the 
substance. It behaves both as a feeble acid and as a feeble base. On 
warming its aqueous solution with yeliow mercuric oxide, the oxide dis- 
solves; and on cooling 4 he solution, a crystalline mercury aceiafh^de; 
Hg(NH.Ac)2, separates. On the other hand, on passing dry hydrogen 
chloride into an alcohol-ether solution of the amide, unstable crystalline 
acetomiifo AydfocWonW^, ACNH2, HCl, is precipitated. 

Acetamide may thus be regarded as ammonia, in which one 
of the hydrogen atoms is replaced by acetyl — 

NHa.Ac, 

and this view is borne out by its behaviour with nitrous acid ; 
the nitrogen is eliminated in the free state, and the 
amidogen is converted into hydroxyl. 

NHj. Ac -> OH. Ac ; Ac.NHg Ac.OH. 

The action is exactly parallel to the preparation of nitrogen 
by heating ammonium nitrite.' 

Ac.NH2+N0.0H=Ac.0H-fN2.-i-H20: ' ' 

H.NH3 +NO.OH=H.OH +N2 +H2O. ' 

On adding dilute sulphuric acid drop by drop to a solution cont^nu^ 
^imole^ular quantities of acetamide and sodium nitrite, the nitrous ^add 
jMich is liberated interacts with the amide just as it does with ammonia, 
acetami^ nitrite which is probably formed, is much le^ stable even 
®^**”^**^ nitrite and decomposes rapidly (m warming, glvirb 
aid ^tic acid ; when excess (^ sulphuric acid has add^d, 
acetic add may be distilled off. : .* 4 " 
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• 66. Aniioiiiifile.— Acetamide can be further dehydrated. 
Mfjgn roughly mixed with twice its bulk of phosphorus pen- 
tcwde, and gently heated in a small flask or test tube» which is 
conj^ted with a condenser, a oolourless liquid distils^ Whilst 
phosphoric acid remains behind. 


The distillate contains acetic acid, which is liberated from some of the 
acetamide by the phosphoric acid which is formed from the pentoxide ; 
this is eliminated by boiling in a r^ux apparatus with powdered, fused 
potassium carbonate, and on redistillation the liquid now boils at a con- 
stant temperature. Acetonitrile can be obtained directly from ammonium 
acetate, but a much lar^ quantity of the pentoxide is necessary, and 
much more acetic acid is formed. 


Acetonitrik, GH3.CN (Dumas, 1847), is a colourless, volatile 
liquid, which boils at 82®. It has a peculiar, unpleasant, 
ethereal odour reminiscent of dilute prussic acid, and burns 
with a characteristic purple-mantled flame. The empirical 
formula is C2H3N, and this is also the molecular formula in- 
dicated by the vapour density. 


C2H3O.NH3 C2H3N 4-H2O. 


The nitrile thus bears the same relation to acetamide as the latter bears 
:o aihmonium. acetate it can be reconverted into the amide by heating 
with water in a sealed tube at 180°, or warming with an alkaline solution 
)f hydrogen peroxide, 

Like acetamide, acetonitrile is hydrolysed by alkalies and 
icids to acetic acid and ammonia. The liquid is simply boiled 
with caustic soda solution in a reflux apparatus, until ammonia 
ceases to be evolved, and on distilling the residual liquid with 
excess of dilute sulphuric acid, the acetic acid passes over, 
C2H3N -f NaOH + HaO = CgHaO.ONa + NH3. 

57. Ethylamlne. — ^Acetonitrile not only takes up water, but 
readily combines with the equivalent amount of hydrogen. 
If the nitrile be dissolved in dilute sulphuric acid, and zinc 
added in small quantities from time to time, its odour even- 
tually disappears. On distilling the product with excess of 
caustic soda, and collecting the distillate in a little water, an 
alkaline solution is obtained which is strikingly like ammonia 
in odour and gener^ actions. 

But the hydrochloride which is obtained, when the liquid is 
ncutraUsed and evaporated, is soluble in alcohol j and the gas 
^iych ^ liberated on heating this hydrochloride with lime is 
mflktainallie; itia termed ethylamine. 

• ' ' ^H3N4-4H==C2H5.NH2; 

+ HCl = CjHgnSHa, HCi 



64 Organic Chemistry : %7 

A better yield of ethylamine is obtained by reducing the^dtrile with 
metallic sodium in boiling alcoholic solution (Ladenburg, 1886). 4 'he 
operation is carried out in a reflux apparatus supplied with condetfeing 
water at about 5o^ so that most of the alcohol returns, whilst the ethyl- 
amine vapour passes over. It is collected in dilute hydrochloric acid, 
best in a Volhard trap (Fig. 18, | 114). 

The ethylamine hydrochloride made by reducing acetonitrile (Mendius, 
1862} is accompanied by ammonium chloride, from which it is separated 
by extracting the evaporated residue with a mixture of absolute alcohol 
and ether, in which the ammonium chloride is insoluble. The solution 
is filtered, and the solvent distilled off in a water bath. 



Fig. 14.— Preparation ol Pure Etliylajmne. 


Free ethylamine is prepared by heating the hydro- 
chloride with lime or concentrated caustic soda, as in the 
preparation of ammonia, ,and after drying with warmed 
quicklime is condensed in a freezing mixture (Fig. 14) ; it 
cannot be dried with calcium chloride, as like ammonia rit 
forms a compound with this substance. 

CjHg.NHg, HCI -f- NaOH = CgHj.NHg -f NaCl + 

Ethylamine, CjHg.NHa (Wurtz, 1848), is a colourless volS^e 
liquid, which boils at 18°, and has a specific gravity of 0-699 
at 8® I ite odour is strongly ammoniacal, but when dllut^ 
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recalls that of stale fish, JBoth the liquid and the vapour are 
T^ry soluble in water, and the solution has most of the pro- 
perties of aqueous ammonia ; it fumes with hydrochloric acid, 
is strongly alkaline, absmbs carbon dioxide freely, and pre- 
cipitates metallic hydroxides. 

Ethylamine vapour is readily distinguished from ammonia, 
as it is heavier than air, and inflammable, and can be 
condensed to a liquid at ordinary temperatures ; moreover 
the products of its combustion contain carbon dioxide. 

Ethylamine hydroGhloridey C^H^N, HCI, is a feathery cry- 
stalline substance, which is distinguished from ammonium 
chloride by its deliquescence and solubility in alcohol. 

The presence of nitrogen in ethylamine is proved by the formation ot 
sodium cyamde, when its vapour is pdssed over red-hot sodium. The 
empirical and molecular formula deduced from the analjrsis and vapour 
density is C^HyN. As no oxygen is present, the substance is formed by 
di^^ct addition of hydrogen to acetonitrile. 

CaHsN -I- 4H = CaH,N. 

58 . Belation o! Ethylamtnd to Aleohol and Ammonia : Dis- 
tinction from Asetamido. — From its mode of preparation it is 
evident that, unlike acetamide and acetonitrile, ethylamine 
is not hydrolysed by alkalies and acids. , Gn the other 
hand, it j’esembles acetamide in its action with nitrous 
acid, by which it is converted into alcohol^^the amidogcr 
being converted into hydro,xyl (Hofmahn, 1849). 

Et-NHs -I- NO.OH = Et.OH + Ng + H2O ; 

H.NH2 -h NO.OIf = H.OH -b Na + HgO. 

When a solution of equimolecnlar quantities of ethylamine hydro- 
chloride and sodium nitrite is heated, the ethylamine nitrite, which is 
formed transiently, is at once decomposed ; the whole of the nitrogen is 
evolved in the free state, and on distihing the solution alcohol passes over. 

Ethylamine thus bears the same relation to alcohol as 
acetamide bears to acetic acid, and is represented by a rational 
formula analogous to that of acetamide. It may be regarded 
as ammonia, in which a hydrogen atom is replaced by ethyl. 
This is confirmed 'by its preparation from ammonia and 
the ethyl haloids (Hofmann, 1849) ; when ethyl chloride is 
heated in a ckjsed vessel with excess of alcoholic ammonia, 
ethylamine hydrochloride is formed, together with ammonium 
chloride and other products (§212), 

e,a^af NH, =c«HcNH 2 +Hc^ 
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The liquid is concentrated and cooled, to separate the ammonium 
chloride, and on further evaporation, crude ethylamine hydrochloride 
crytsallises out ; it may be separated from ammonium chloride by meafls 
of alcohohether as above, but there are also more ccfmplex amines present, 
separation from which is very tedious.* Ethylamine may also be made in 
other ways ; it was first- prepared from ethyl cyanate. 

The difference between ethylamine and acetamide is of the 
same order as between alcohol and acetic acid, or ether and 
ethyl acetate. Ethylamine is a stronger base than ammonia, 
because of the influence of the positive ethyl radical, and 
acetamide is a weaker base, because of the influence of the 
negative acetyl radical. For the same reason the acetyl 
derivatives are more easily hydrolysed than the ethyl deriva- 
tives ; ethyl acetate and acetamide are both easily decom- 
posed by caustic alkalies, whereas ether and ethylamine are 
unaffected by these agents (compare § 40), 

The introduction of the ethyl group into ammonia increases, whilst the 
introduction of the acetyl group decreases the stability. The differgice 
is ultimately resolvable into the difference between ojcygen and hydrogen. 
The acetyl radical contains an oxygen atom in place of two of the hydrogen 
atoms of the ethyl radical. Oxygen is electronegative or acidic, hydrc^en 
electropositive or basic ; hence the substitution of oxygen for hydrogen 
converts the feebly basic ethyl into the strongly acid acetyl radical. Alco- 
hol is more basic, and acetic acid more acid than water. Ethylamine is 
more basic, but acetamide less basic than ammonia. 

H.OH C3H3O.OH . 

neutral acid 

H.NHa CaH^O.NHa 

base neutral 

hydro! y sable 
CaHaO.OEt 
easily hydrolysed 

69. Deteraffnattoa oI Molecular Weight hy file Platlnam Method— Ethylamine 
salts, like ammonium salts, form numerous metallic compounds. Ethy\- 
amine platinichloride, (NHaEt, HCDg, PtCh, an orange, crystaUine sub- 
^ance, resembling ammonium platinichloride, is precipitated when 
juatinum chloride is added to an alcoholic or concentrated aqueous solution 
of ethylamine hydrochloride. The aurichloride and mercurichloritU are 
similar compounds. 

The molecule weight of a basic ammonia derivative like ethylamine, 
CM be determined by analysis of its platinichloride, in the same way as 
the molecular weight of m acid is determined by an^ysis of its silver salt. 
The dry platinichloride is heated to redness in a crucible ; the carbon, 
hydrogen, nitrogen and chlorine are eliminated in volatile form, and 
metallic platinum is left. Ammonium platinichloride is decomposed in 
the same way. 


is thetrte,are mote My 4is- 


feebly basic 

strouL' base 
not hydroly sable 
CsHj.OEt 

hydrolysed with difficulty 
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In an analysis of dry ethylamine platinichloride 
0*3706 g:ram gave 0-1437 fffam Pt, 

from which the 

percentage of platinum is 38-78 

As the empirical formula of ethylamine is C2H^N, the possible molecular 
formal® are C2 HyN, C^Hj4N2, C0H2iN 3, etc. Further, as ethylamine 
forms only one hydrochloride, whatever the proportion in which it is 
mixed with the acid, it is a monacid base like ammonia, and its platini* 
chloride must be of the type {X,HCl)2,PtCl4. 

The possible formulae of ethylamine platinichloride, and the coaespond- 
ing percentages of platinum, are therefore 

FormnJa, Percentage of Platrauny 

HCl)„-PtClt 38.60 

(CA^N,, HCOb, PtCU 32-83 

etc. etc. 

The analysis, although slightly inaccurate, shows that the first formula 
is correct, and that the molecular formula of ethylamine is 
CgH^N. 

60. Synopsis. — The ethyl and acetyl radicals form nitrogen 
compounds, which bear the same relation to ammonia as the 
alcohols and acids to water. The alkyl derivative, ethyl- 
amine, is a powerful base, resembling ammonia, and not hydro- 
lysable, whilst the acidyl derivative, acetamide, is a neutral 
substance, which is easily hydrolysable to acetic acid and 
ammonia. Both compounds are converted into the corre- 
sponding hydroxides by nitrous acid, and are genetically con- 
nected by an intermediate compound, acetonitrile. 
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CHAPTER XI 

THE CYANIDE SYNTHESIS 

61 . Formamide : Formoniirile or Hydrogen .Cyanide.— Aceta- 
mide, acetonitrile and ethylamine are types of three great 
classes of compounds : the amides, the nitriles and the amines. 
There is an amide corresponding with each acid, and an amine 
corresponding with each alcohol ; and each pair are connected 
by a corresponding nitrile. 

The simplest amide, formamide, is made by the action of 
ammonia on ethyl formate, or by heating ammonium formate 
in a sealed tube at 2$o°. 

The product is fractionated under reduced pressure, as formaniide is 
less stable thah acetamide ; it is obtained as an oily liquid, which when 
quite dry can be frozen to a crystalline solid. 

Formamide^ H.CONH2 (Hofmann, 1863), melts at 1°, and 
boils at 192^*, at the same time partially ^decomposing into 
carbon monoxide and ammonia (compare Formic acid). Like 
acetamide, it is hydrolysed to ammonia and the acid when 
boiled with caustic alkalies. 

, H.COOEt+NH3=H.CONHa + ElOH; 

H.COGXHi^^H.CONHa+HsO ; 

H.C0NH3==C0+NH3; 

H.CONH2 + NaOH=-H.COONa+NH3. 

When dry formamide is warmed with phosphorus pentoxide, 
it is decomposed into water and formonitrile, but the yield is 
far poorer than with acetonitrile, because most of the amide 
IS hydrolysed. The product is dried by simple rectification 
over phosphorus pentoxide. 

Formonitrile is identical with hydrogen cyanide or prussic 
acid, and is most readily prepared from potassium cyanide 
(§ 201). 

A edd mixture of sulphmic acid with an equd volume of water is allowed 
to drop slowly on lumps of pure potassium cyanide ; there is a brisk action* 
and hydrogen cyanide vapour is evolved } it is dried by passing over warm 
calcium chlodd^ and condensed in an rce-cooted U«tube (Fig. 14, J 57). 
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Formoniirile or hydrogen cyanide^ HCN {Scheele, 1782)^ is<v 
a very mobile and volatile liquid, which boils at 26°, and 
freezes at —15® ; like acetonitrile it burns with a purple- 
tinged flame. Its odour is harsh and unpleasant, and leaves 
an unpleasant after-taste ; both the liquid and vapour are 
excessively poisonous, and the anhydrous product should not 
be made .without special reason. The best antidote to in- 
halation of the vapour is dilute ammonia gas. 

62, Synthesis of Formic Acid and Methyl Alcohol from Carbon.— 
Hydrocyanic acid, being identical with formonitrile, is hy<rffe- 
lysed by alkalies to the alkali formate and ammonia. The' 
hydrolysis is effected by boifing an aqueous solution of potas- 
sium cyanide in a reflux apparatus, preferably with excess of 
caustic alkali. Hydrogen cyanide is so feebly acid,- that its 
alkali salts in solution are partially dissociated into the ’acid 
and free caustic alkali. The hydrolysis is therefore parallel 
to that of acetonitrile ; ammonia is evolved in abundance, 
and the alkali formate is left. 

CNK + 2 H 20 <-^HCN + KOH + H2O = H.COOK + NH3. 

The entire conversion requires some time, and the cyanide left after 
boiling for an hour is conveniently eliminated by gently distilling the 
product with excess of dilute sulphuric acid ; the unchanged hydrogen 
cyanide is quickly expelled, and the distillate eventually ceases to precipi- 
tate silver nitrate. The formic acid may then be distilled. 


As potassium cyanide can be made from its elements/ the 
conversion of hydrogen ..cyanide into formic acid affords an 
additional synthesis of this acid (compare § 44), 

C -> CNK -> HCN -> H.COOH. 


Just as acetonitrile can be reduced to ethylamine, which is 
convertible into ethyl alcohol, formonitrile is reducible to an 
analogous compound, methylamine, which is convertible into 
methyl alcohol. ^ 

Methyl alcohol can therefore be made from its elements. 


HCN -H 4H = CH3.NH2 ; 

CH3.NH2 + NO.OH = CH3.OH + N2 + H2O. 

The reduction is effected by zinc and dilute sulphuric acid, in the same 
way as with acetonitrile (the sodium method cannot be used, as sodilim 
cyanide is formed). Wheu liydrogen ceases to be absorbed by the liquid, 
tbe^jppduct is made alkaline and distilled ; the methylamine passes ovetf- 
as A highly alkaline, ammoniacal vapour, which resembles ethylamine in - 
On neutralising the amine with hydrochloric acid, afld 


^Tlus is not the best way of preparing methylamine and its hoiao^: 
; for other methods and a fuller discussion of the amines $ee 
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warming it with sodium nitrite solution, nitrogen is evolved, and methyl 
alcohol is formed. 

63. Methyl Cyanide : Synthesis of Aeetic Acid and Ethyl Alcohol : 
Third Rational Formulae. — The identity of hydrogen cyanide 
with formonitrUe suggests that acetonitrile is identical with 
methyl cyanide, and that acetic acid is consequently a methyl 
derivative (Frankland, 1847). 

When a mixture of methyl potassium sulphate with powdered 
potassium cyanide is heated at about 200°, a colourless liquid 
distils, which contains a considerable quantity of methyl 
alcohol from decomposition of the alkyl sulphate. On re- 
moving the alcohol by repeated treatment with phosphrous 
pentoxide, which also eliminates a malodorous impurity 
(methyl isocyanide, § 203), a liquid is obtained having the 
composition of methyl cyanide. 

Methyl cyanide^ CHg.CN, is a liquid which boils at 82®, and 
is in every respect identical with acetonitrile. When hydro- 
lysed with alkali it is converted into ammonia and the alkali 
acetate; acetic acid is therefore a methyl compound, 
and can be synthesised from its elements (Frankland, 1847). 

CNK +MeKS 04 = KaSO^-f-MeCN ; 

MeCN + NaOH -f- HgO ^He.COONa + 

Methyl cyanide does not give the ordinary reactions for 
cyanides, such as the Prussian blue test. The cyanogen 
radical is so firmly united with the methyl that it is impossible 
to separate it as such ; when the compound is decomposed, 
it is the cyanogen itself which changes, and it is this fact which 
makes the above synthesis possible. 

For the verification of the synthesis of acetic acid, it is unnecessary to 
isolate the methyl cyanide. The crude distillate is boiled with concen- 
trated caustic soda solution until ammonia ceases to be evolved. It is 
then acidified with dilute sulphuric acid, and boiled, still in the reflux 
apparatus, with a little mercuric oxide, to oxidise some formic acid which 
is produced as a bye-product. On distilling the acid liquid, dilute acetic 
acid passes over, and may be identified qualitatively, and by analysis of its 
silver salt. 

An alcoholic solution of methyl cyanide suitable for the synthesis may 
be prepared from methyl iodidei^ Buckton and Hofmann, 1856). The iodide 
is poured down the condenser of a reflux apparatus, containing pure 
potassium cyanide covered with 80 per cent, alcohol (potassium cyanide is 
^^ly insc^ble in absolute alcohol). There is soon a brisk acl^on, which 
iW<?ompleted by boiling on a water-bath for an hour. On reversing the 
condenser, and distilling the product to dryness, acetonitrile and alcohol 
P^.ovtt tc^cther as a mixture of constant boiling-point ; they can only 
be.s^arated ’with difficulty. / 

' CNK + CHgl == KI - 1 - CH3.CN (see | 204). 
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As methyl cyanide is identical with acetonitrile, it ia coh*;i. 
verted by reducing agents into ethyiamine; and as ethyh ^: 
amine is tonsformed into alcohol by nitrous acid, it follows that ■. 
ethyl alcohol is also a methyl derivative, and ; 
can be synthesised from its elements. ■ 

As a result of the cyanide S3mthesis, a third pair of rational : 
formulae jnust be given to ethyl alcohol and acetic acid— 

CH3.CH2OH CH3.COOH 

Ethyl Alcobol and Acetic Acid as Metliyl DeriratlTCSii 

These formulae emphasise the relation between ethyl alcoSol 
and methyl alcohol, and embody the fact that the methyl 
group passes intact through this intricate set of changes, 

CH3.OH .4^CH3.KS04-^CH3.CN HaXOaH 

CH3.CH3NH2 CH3.CH2OH. 


64. Synthesis of the Higher Alcohols and Acids ; the Higher 
Amides add Nitriles, — The conversion of methyl alcohol into 
acetic acid is a typical instance of Organic Synthesis, 
or building up an organic radical from, others containing fewei^- 
carbon atoms. The principle thus established can be ex- 
tended indefinitely, as the nitriles made by dehydrating the 
higher amides are in every case identical with the cyanides of 
the next lower alkyl radicals. 


The amides are neutral, crystalline substances, which are prepared In 
the same way as acetamide, and resemble it in all essentials ; when boiled 
with alkali, they are resolved hydrolytically into their proximate con- 
stituents, namely ammonia and the corresponding acid. Propionamide, 
CaHj.CON’Ha, mdts at 79", arid boils at 213“. Butyramide, CaH-.CONH,, 
melts at 115®, and boils at 216®. Palmitamide, CjBHsf.COhlHa, melts at 
ro 7 ^ antW/eammirfs, at I09^ ■ 

On distillation with phosphorus pentoxide, or in some cases with less 
energetic agents, the amides are dehydrated to nitriles, homolqgom^ with 
acetonitrile. As these also are identical with .the alkyl cyanides, they can 

alcohols, and are resolved 
ammonia and the corresponding acid, when boiled 


or ethyl cyanide, at 98®. ButyronifriU or 

pfo^l C3Hy.CN, bcals at 118®. Palmitonitrile or pentadecyi 

cyafiuie, q5H31.CN, and sUofonitfile or heptadecyl cyamde, C«H.*CN 

©changed under reduced pressure. 

Ettyi alcohol can thus be converted into ethyl cyanide, 
a^id and propyl alcohol ; propyl alcohob^sm be con- 
mm i^to propyl cyanide, bnfyric add and butvl alool^ 
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and so on almost indefinitdy. By this and otl^ methods, all 
the compounds 'wMcdx we have thus tar conadcred have been 
prepared synthetically from their elements. The aliphatic 
acids and alcohols, up to the nine-carbon members, inay be 
made from methyl alcohol by the cyanide synthesis (Lieben 
and Rossi, 1871-1877). 

^ ^HXOaH 

C2H5.0H.«.=^^^=^CH3.C02H 

C3H7.0H.«.c=^^==»C2H5.C02H 

C4H9.0H-^«=^^^=*^C3H7.C02H 

QHii.0H^=^^~==»C4H9.C02H 

etc. ^C^Hii.COaH 

etc. 

Above the two-carbon compounds the alcohols are obtained from 
the synthesised acids by reducing the aldehydes (§ 86), propylamine and its 
higher homologues being converted by nitrous acid, not simply into the 
corresponding aleohols, but partly into isomeric compounds 5 but the syn- 
thesis iS’ equally valid. 

It is difficult to carry out work as extensive as this. The yield of product 
in Organic operations rarely approaches that indicated by the equations ; 
not only is loss inevitable in boiling, distillation, crystallisation, etc., but in 
many cases the action is diverted into secondary channels by comparatively 
slight alterations in conditions. In the preparation of the cyanides from 
the alcohols, fwr example, considerable quantities of isomeric impurities 
are sometimes formed. 

The actual conversion of the substance at one end of a chain into that 
at the other end is not essential, provided that each link is established. 
It is much easier in the above chain of syntheses to make ethyl alcohol 
from sugar than from methyl alcohol ; all that is necessary for synthetic 
purposes is to prepare enough ethyl alcohol from methyl alcohol, c* even 
from acetic acid, to establish its identity. Once this is proved, the more 
accessible product may be used as a fresh starting-point. In this way, by 
testing the links s^arately, many chains of synthetic relations have been 
established, which might not otherwise have been realised. The .sugars 
afford a notabid instance o^this ( § 187). 

66. Synoi»is.— Formonitrile is identical with hydrogen 
cyanide, atnd il^homologues are identical with the alkyl cyan- 
ides. By means of these the lower alcohols and acids and 
their derivatives can be converted into their higher homo- 
logues, and all can be synthesised from the elements. 
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CHAPTER XII 

MOLECULAR STRUCTURE 

66. Constitution or Strueture : Valency. — As a result of the 
cyanide synthesis, it follows that both alcohol and acetic acid 
are represented by no less than three rational formuhe, each of 
which indicates some chemical characteristic or relationship. 
Acetic acid, primarily an acid hydroxide, is also a methyl 
derivative, and in common with its homologues, a carboxyl 
compound. Alcohol is both a methyl and an ethyl derivative, 
as well as a basic hydroxide. 

C2H3O2.H CaHaO.OH CH3.COOH. 

C2H5O.H C2H5.OH CH3.CH2OH. 

The more diverse the relations of a substance, the more 
numerous its formulae become. From the cyanide synthesis 
alone it is obvious that the higher^ alcohols and acids contain 
all the lower radicals. 

C3H7.OH C2H5.CH2OH CHgXaHiOH 

C3H5O.OH C2H5.CO2H CHs.CaHgOa- 

But the number of ' atoms in a molecule is fixed, and the 
moleculeapof a pure substance are all alike ; hence the radicals 
represented in the various rational formulae must be present 
together in each individual molecule (Gerhardt). The atoms 
must therefore be grouped within each molecule in an orderly 
:manner, and their grouping must be such as to comprise all 
the smaller , atomic groups or radicals, 

; The theory ol structure (Kekul6, Couper, 1857), postulates 
that the atoms are held by mutual attraction, the direction 
of which may be symbolised by lines or “ bonds ** (Couper). 

H H 

H-i-i-O-H. 

It is known from Inorganic Chemistry that there are very 
definite limits to the combining powers of the elements (Frank- 
ed* Kekule, 1857), A|i atom of oxygen combines at the 

’ ’ ' 75 
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most with two other atoms, as in water ; an atom of nitrogen 
with three, as in ammonia ; and an atom of carbon with four, 
as in marsh gas. A hydrogen atom, on the other hand, does 
not combine with more than one atom of any kind, for no 
compound is known which is broken tip by the simple removal 
of this element. 

With the aid of these rules of valency, namely that 
hydrogen is univalent, oxygen bivalent, nitrogen tervalent 
and carbon quadrivalent, the internal molecular i^ructure 
of a substance can be deduced from its chemical rel^ons. 

67. Structure of the Aliphatic Alcohols and Acids. — ^The active 
hydrogen of alcohol is removed when the oxygen is taken away,. 
and this hydrogen atom is therefore linked to the oxygen atom, 
— 0-H. 

As a hydrogen atom cannot serve as a link,, the carbon 
atoms must be directly united, and the five hydrogen atoms 
attached to them, 

H H 

M 

H-C-C- ' 
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These three ccmditioiis necessitate the arrangemenc 
H 

k I 

H— C— C— 0— H. 

i ' 

The two remaining valencies can only be satisfied by the 
second oxygen atom, and the §tructure of the acid is therefore 
represented bv the formula 

B 

I 


I II 

HO 

Structural FormiJa of Acetic Add : the Carboxyl Radical, 

The structure of the higher alcohols and acids also follows 
from the cyinide synthesis ; in the alkyl cyanides the nitrogen 
is detached by hydrolysis, and the cyanogen- carbon atom must 
therefore be linked to the alkyl. The structural formula of 
ethyl cyanide is thus 

H IT 

I 1 

H— C—C— CaN, 

I I 

H H . 

Pxoplffiiitrile or Ethyl Cyanide, 

ind the formulae of propionic acid and propyl alcohoi, 

H H H H H 


1 I 

C- 


O— H and H 


c— o~ii. 


... I 

H H H 

Propyl Alcohol. 


H H 0 

Propionic Add, 

The fonnuke of the higher alcohols and acids follow in the same way, 
an additional carbon atom being attached to the carbon chain at each 
step. Thus the structure of caproTc acid is represented by the formula 
H H H H H 

r f I I I . 

H H H H H 0 

and that of palmitic acid by a similar formula containing a chain of 
sixteen cart)on atoms (for proof, see § 8o) — 

H H H H H H H H H H H H H H H 


1111 

H H H H 


A H A H 


I I I I I « 

H H H H H 0 


This i^pacity forming chains is characteristic of the atoms of carbon 

and hi accounts for the large number of carbon ocmpoundi. 
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88. Struetural and Constitutional Formula.— Formulse snch^aa 
these, showing the arrangement of the atoms in a molecule, 
are termed structural formal®. They epitomise the 
entire chemical behaviour of the substances they represent, and 
show at a glance their points of resemblance and difference. 

The mobile hydrogen and hydroxyl of alcohol and acetic* 
acid are marked. The synthesis of both compounds f®om 
methyl alcohol is accounted for. The mechanism of their 
oxidation and reduction is also apparent, the hydrogen of the 
non-methylic carbon being attacked, and the methyl group 
remaining unaltered. ‘ The greater activity oTthe. carboxylic 
hydrogen is explained by the juxtaposition of the second 
oxygen atom. l 

Given a structural formula, it is generally possible to 
form an accurate idea of the chemical behaviour of the 
substance. 

The full graphic or structural formuhe are cumbrous, and are 
usually abbreviated into constitutional formulae, such 
as 

CH 3 .CH 2 .OH. CH 3 — CH 3 — OH or CH 3 .CO.OH. . 

These convey the same information if the valencies are taken 
into account. 

The actual position of the groups is immaterial provided that the proper 
onler and linking are maintained. The formula of acetic acid may be 
also written. as 

^ : 

In the case of long chain-formulas containing a number of similar 
groups, it is convenient for the sake of brevity to place one of the groups 
in a square bracket, indicating the actual number by a suffix. Thus the 
constitutional formula of stearic acid may be written as 

CH3.lCHJi6.CQ.OH, 
and that of spermaceti (§ 49) as 

CH3.tCHJi*.CO.O.[CHJi5.CH3. 

Constitutional formula are sometimes abbreviated into such forms as 
CflHs.OH, Et.OH. CHa.COaH, CH3.COOH. 

These are similar to the rational formula, but the dots represent linkages 
and are not mere marks of separation. 

69. Oaue ol Homology and Hotamerism.— Homology (§50) is 
due to fixed valency of carbon. In methyl alcohol the 
eachatom.is iu^^^ ^tisfied,and to introduce u second 






0-H, 

I I 

H 

which require three more hydrogen atoms. The net result 
is the introduction of CHg, the difierence between CH 3 and H. 

• If the methyl group replaces a methyl hydrogen atom, ethyl alcohol is 
produced — , 

H.CHa.OH — H + CH3 « CH3.CH3.OH, 

whilst if the hydroxylic hydrogen is displaced, methyl ether is formed— 
CH3.0.H — H + CH3 = CH3.O.CH3. 

Hence metamerism (§51). 

70. Synopsis. — The existence of several radicals in the same 
molecule leads to the assumption that the atoms are linked 
together in a definite manner. This structure or mole- 
cular constitution is deduced from the reactions of the com- 
pound, and the valency of its atoms. The formulae thus db- 
tained are termed structural or constitutional formulae. They 
not only symbolise the chemical actions and relations of the 
substances, but also account for homology and isomerism. 
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EXPERIMENTAL BASIS OF STRUCTURAL FORMULiE. 


1. THE METHYL-FORMIC GROUP. 


> CH3.NHr< :^H.C 

methylamiue 


formonitrile or 
hydrogen cyanide 


^HXO.NH, 

formamide 


CHg.! ^ CH 3 OH — 

methyl iodide methyl alcohol ^ 


t 


CH»ONa 


HXO.OH 
formic acid 


A 

T 


CHaXXHs 

methyl ether 


sodium methoxide 


HXO.OCHs IIXO.ONa 

methyl formate sodium formate 


II. THE ETHYL-ACETIC GROUP. 


CH3;tH2.NHa 

ethylamine 


CHsXH,.!^ 

ethyl iodide 


->cHs.c;n , 
acetonitrile or 
methyl cyanide 


.^H8XH2.CH. 

alcohol — 


CHsXHj-ONa 
“sodium eihoxide 



^CH3XO.OH-<-->CHa COXI 
acetic acid acetyl chloride 


t . ■ 

CHs.CO.ONa^ 
sodium acetate 


|CH8XHa.O.Cn2.CH* CHsXO.OXHsXHj CHjXO.O.CO.CH, 

ether ethyl acetate acetyl oxide or 

acetic anhydride 

III. THE PROPYL-PROPIONIC GROUP, 


CH8.CHaX;N 
propionitrile or— 
ethyl cyanide 


CII3XH1.CO.OH* etc.| etc. 
propionic acid 

[For strocture of the higher fatty acids and see | Sal 
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THE SATURATED HYDROCARBONS AND THE 
THEORY OF SUBSTITUTION 

CHAPTER XIII 

METHANE AND ITS SUBSTITUTION PRODUCTS 

71, Methane or Marsh-gas. — ^The hydrocarbons are compounds 
which contain only carbon and hydrogen ; they are of con- 
siderable importance in themselves, and especially interest- 
ing from their bearing on theory and classification. 

The simplest hydrocarbon is the gas methane, which is 
formed when complex organic matter, such as wood or coal, is 
-distilled destructively. Methane constitutes about 40 per 
cent, of ordinary illuminating gas ; and is the active constit- 
uent of the explosive “ fire-damp,” which escapes from coal- 
seams. Fire-damp is sometimes nearly pure methane, and 
rarely contains less than 60 per cent, of the gas ; the balance 
is mainly nitrogen. 

Methane is also associated with petroleum, often in such 
quantity as to be forced from the wells under great pressure, 
as at Baku on the Caspian, and in Pennsylvania ; it occurs 
somewhat similarly as “ natural gas” at Heathfield in Sussex, 
and was first observed in the gases arising from marshes. 

Methane, CH^ (Volta, 1777), is a light, insoluble gas, which 
when cooled by liquid air condenses to a very light, colourless 
liquid ; it boils at -i 52°, freezes at -186®, and has a specific 
gravity about 0*4. 

The gas burns with a pale flame to carbon dioxide and 
water (Volta), and explodes violently with air, forming 
the same products. The initial product, however, is formal- 
dehyde, CH2O (§ 86),* which may be isolated in considerable 


Or, possibly, methyl alcohol* 
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quantity when a mixture of methane and oxygen is heated at 
450-500® (Bone, 1903) ; the carbon dioxide is formed, together 
with some carbon monoxide, by further oxidation of the form-^ 
aldehyde. 

CH^+Og^CHgO+HaO; 

CHgO+Og^COg+HgO. 

Gaseous carbon compotfnds are analysed by combustion with oxygen ; 
the following example will illustrate the principle of the method, but for 
details a work on gas analysis must be consulted. 

5 cc. ot methane exploded iinth 19 cc. oi oxygen gave 14 cc. of gas ; this contracted 

to 9 cc, when shaken with cansUc potash the tesidne was completely ahsotbed 

by alkaline pyrogallol (g 30^). 

The residual p cc. was oxygen (alkaline pyrogallol absorbs oxygen com* 
pletely} ; hence the methane had combined with 10 cc. or twice its own 
volume of oxygen. The 5 cc. absorbed by caustic alkali (14 -9 "^5) was 
carbon dioxide ; hence the methane gave its own volume of this gas. The 
initial contraction of 10 cc. (5+19-14 = 10) was therefore due to the 
condensation of steam, of which the methane produced twice its own 
volume. '' 

These results may be summarised as under — 

I vol. methane + 3 vols. oxygen gave t vol. carbon dioxide + vols. steam ; 
and by Avogadro’s law, if be the molecule of methane, 

»+20a-C0,+3Hj0; 

This molecular formula is confirmed by tne density of the gas, which is 
eight times greater than that of hydrogen, giving a molecular weight of 
r6. 

72. Synthesis of Methane. — Methane has been synthesised in 
many ways. It is formed in small quantities, when carbon is 
heated at 1 200® in an atmosphere of hydrogen ; and conversely, 
is partially resolVed into its elements by prolonged sparking. It 
was first artificially prepared from acetic acid (Dumas, 1830). 
An intimate mixture of fused sodium acetate, soda-lime and 
iron-filings is heated to dull redness in a wide tube or small 
flask of hard glass, which is provided with a delivery tube ; 
tlje methane which is generated contains free hydrogen, but is 
otherwise pure ; the iron filings serve to conduct the heat. 

A more direct synthesis is effected fay passing sulphuretted 
hydrogen, containing carbon bisulphide vapour, over red-hot 
copper turnings (Berthelot, 1856); the sulphur is taken up 
by the copper, whilst the hydrogen combines with tlie carbon ; 
but the product is very impure. A better result is obtained 
by passing carbon monoxide with three times its volume of 
hydrogen, over reduced nickd, which is heated at about 220? ; 
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the c^bon monoxide is converted quanlitatively into methane 
and steam (Sabatier, 1902). 

Methane is also formed by the action of water on 
aluminium carbide, a crystalline substance which is made 
by heating aluminium with carbon in an electric furnace 
(Moissan, 1894) ; and it can be made by reducing methyl 
iodide, either directly with nascwit hj/Srogen, or indirectly 
through its compounds with metallic zinc or magnesium. 

CHs.COONa + NaOH = CH4 + NagCOa ; 

CH^IiBr.a) + 2H = CH^ + 

AI4C3 + 6H2O = 3^154 + 2AI2O3. 

When methyl iodide is heated wiih zinc dust, it forms a volatile liquid, 
Einc methyl, Zii(CH3)2 ( § 91) ; this is hydrolysed to zinc oxide and methane, 
when its solution in ether is allowed to drop into water (E. Franldand, 
1856). Or water may be allowed to drop on zinc dust moistened with the 
calculated amount of methyl iodide, and heated at 50-100”. The zinc 
may with advantage be replaced by magnesiupi. Metallic magnesium 
dissolves with great energy in a mixture of methyl iodide and dry ether, 
forming magnesium methiodide, CH3,MgI ; on dropping water into the 
ethereal solution of this substance, methane is evolved in abundance 
(Grignard, 1900). 

2Zn+2CH3l=Zn(CH3). + Zal2 ; 2n(CH3), + H20 = Zn0 + 2CH4. 

Mg +CH3I ^ CHa-Mg! ; 2CH3.MgI +H. 0 = MgO + MgG + aCHi. 

The methyl compound may also be reduced directly with nascent 
hydrogen, the reduction being conveniently effected clectrolytically by 
means of a copper-zinc couple (Gladstone, 1874), or an aluminium mercury 
couple (Cohen, 1898), The aluminium-mercury couple is very energetic ; 
it is made by coating small pieces of sheet aluminium with mercury, by 
covering them with a cold solution of mercuric chloride, and is washed with 
dry methyl alcohol (water is immediately attacked by the couple). 

A mixture of methyl iodide and dry methyl alcohol is now dropped 
on the amalgam, which is packed in a U-tube cooled with ice, and is 
covered with methyl iodide ; aluminium methoxide and aluminium iodide 
are formed, and methmie is set free. The copper-zinc couple is made and 
used in a similar manner, but is much slower in action. 

Ala-t-sCH^.OH-l-sCHal^AUOCHals-J-Allj-f-sCH^. • 

78. Chlorination of Methane : the Chioro methanes : Chloroform. 

— Methane can not only be made from methyl compounds, 
but can be reconverted into them. When it is mixed with 
chlorine, and exposed to diffused daylight^ a slow action takes 
place ; the chlorine gradually disappears, and the gas becomes 
acid with hydrogen chloride ; but there is no alteration in 
volume. cooling the washed and dried vapour in a power- 
ful freezing-mixture, it is found to be methyl chloride, identical 
with that prepared from methyl alcohol (Dumas, 1842), 
CH4+Cl3=CH3Cl-hHCl 
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Methane is therefore methyl hydride^ CHj.H, and ihethyl 
chloride is derived from it by the substitution of chlorine for 
hydrogen. Methyl chloride is accordingly a substitution 
product of the hydrocarbon, and may be termed chloro- 
methane. The replacement of hydrogen by chlorine is termed 
direct substitution, and that of chlorine by hydrogen, 
inverse substitution (Laurent, 1839). 

If the chlorination be continued, or methyl chloride be 
directly chlorinated, the action proceeds in a similar manner 



i'lg. 15.— Prep^iraticm of Chlorotonn. 


until eventually the whole of the methane hydrogen is replaced 
by chlorine (Regnault, 1840). 

The dichloromethane, trichloromethane and tetrachloro- 
methane thus formed are heav5% colourless liquids ; and the 
second of these is the well-known anesthetic, chloroform. 
Chloroform was first made by the action of bleaching-pow- 
der on acetone (Liebig, 1831, § 90) or ethyl alcohol (Sou- 
berain, 1831, § 115), and is still manufactured in this way. 

The bleaching-powder is made into a paste with wafer, and on 
adding ijae dilute spirit, and warming gently on a water-bath, 
a brisk action sets in. Part of the chloroform distils at once, 
and the remainder is expelled, either by boiling the product, 
or by distilling it in a current of steam (Fig. 1 5 ). 
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The crude distillate is shaken with dilute caustic soda, to neutralise 
acid and remove free chlorine, and the heavy chloroform having been 
separated with a tap-funnel is shaken with concentrated sulphuric acid to 
remove water and alcohol. It is then separated from the acid and redis- 
tilled ; when made from acetone it is purei biit when made from alcohol 
it contains a little ethyl chloride. Chloroform may also be obtained by 
mixing chloral hydrate with caustic soda solution (Uebig, 1831 ; § 115). 

Chloroform or trichloromethane^ CHCI3 (Liebig, Souberain, 
1831 ), is a colourless liquid, having a powerful but not unplea- 
sant odour, and a very sweet taste. It boils at 61 and freezes 
at — 60® ; its specific gravity is 1-50 at 15®. Chloroform is 
extensively used as an anaesthetic (Simpson, 1848), and for 
this purpose is usually mixed with some alcohol (0-5 percent.) 
to prevent the formation of caxbonyl chloride (see below) ; the 
addition of a little ethyl chloride greatly accelerates the 
anaesthetic action. 

Chloroform precipitates silver chloride when heated wdth 
alcoholic silver nitrate, and it further resembles the alkyl 
chlorides in that it is hydrolysed by alkalies ; the products of 
hydrolysis are the alkali chloride and formate (whence its 
name). 

In presence of alkalies chloroform combines with ammonia, forming the 
alkali cyanide. Amines have a similar action, and the reaction with 
phenylamine or aniline, producing phenyl isocyanide (§356), affords a 
very delicate test for chloroform. 

CHCI3 -I- 4NaOH= H.COONa + ^NaCl + 2H,0 ; 

CHCl 3 + NH3+^Na0H=CNNa-J-3NaCl + 4H,0. 

Chloroform is oxidised by chromic acid to a poisonous gas, carbonyl 
chloride (§192), and hydrogen chloride. The same change is slowly 
effected by air in daylight, so that pure chloroform must be kept in a cool 
dark place ; the presence of a small quantity of alcohol, however, retards 
this oxidation enormously. 

CHCl3-t-0 = C0Cl2+Ha 

When chloroform is exposed to the action of nascent hydrogen, it is 
reduced ultimately to methane ; but cblorome thane and dichloromethane 
are formed as intermediate products. Dichloromethane is conveniently 
prepared by adding hydrochloric acid to zinc covered with chloroform and 
alcohol ; it is also formed in the chlorination of methyl chloride. MethyU 
ene chloride or dichloromethane^ CH2CI2 (Regnault, 1840), is a heavy 
volatile liquid, which resembles chloroform, and boils at 43“. 

CHCI3-^H=CHaCla+HCl; 

CHaa-haa^CHaQa+HQ. 

By further chlorinating chloroform it is converted into carbon tetra- 
chloride or tetrachlOTomethane ; this is the final product of the chlorina- 
tion of methane. It is best prepared by the action of chlorine on carbon 
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disulphide in presence of antimony pentachipnde. Carbon 
letrachloromdLne, CCI4 (Regnault, 1840), is a heavy, colomless Uquid 
which boils at It is often used as a solvent in chlormations, as it is 
by cU rine. Carbon tetrachloride is hydroly^d by.^al.« 
to the Lme way as chloroform, the final product being he alkah carbonate. 

When reduced with sodium amalgam in alcoholic solution, carbon 
tetrachloride is converted into chloroform, methylene chloride, etc., so 
that the chlorination products of methane form a continuous senes, which 
can be traversed in either direction. 


CH* CH3CI CHaCla CHCI3 CCl*. 

74, The Bro mo methanes and lodomethanes ; Bromofotm and 
Iodoform.— The iodine compound corresponding with chloro- 
form is made in an analogous manner, by the action of iodine 
and alkali on alcohol or acetone. The iodine is added to a 
solution of sodium carbonate, containing the spirit, and the 
whole is warmed gently, the addition of iodine being continued 
until the colour ceases to be discharged ; a relatively large 
quantity is required. On cooling the product, the yeUow . 
iodoform crystallises out ; it is washed with a little cold 
water, and dried on a porous plate. It may be crystallised from 
acetone in large, transparent, hexagonal tablets. 

Iodoform or iriiodomethane, CHI3 (Serullas, 1822), is a bright 
yellow, crystalline substance, which melts at 119°, and sub- 
limes slowly when gently heated ; it is readily volatile with 
steam. Iodoform has a clinging and characterfetic odour, 
and is used in surgery as an antiseptic. It is hydrolysed Uy 
alcoholic alkali in the same way as chloroform, and when heated 
with zinc dust and water is reduced to methane. When 
iodoform is heated strongly, much iodine is set free. The 
mechanism of the formation of iodoform (§§90, 115) is com- 


plicated. 

2CHI3 + 6Zn+3H20 = 2CH4 + 3Znl2+3ZnO, 


Bromojorm or tribromomeihane, CHBr^ (Lowig, 1832) is a very heavy 
and somewhat unstable liquid, which boils at i5r°» Q^d freezes at ? j itj 
specific gravity is 2*9. It is made by the action of sodiuih hypobromite on 
acetone, and is decomposed by alkalies in a complicated manner. 

Substitution by bromine is effected with greater difficulty than by 
chlorine, and with iodine direct substitution is only p<^ible in exceptional 
cases. On the other hand the bromo- and iodo-compounds Mo naore 
easily reduced than the chloro- compounds. The volatility and mSibiHty 
of the halogen derivatives of methane vary inversely with the number of 
halogen atoms, and the atomic weight of the halogen. . 
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HALOGEN SUBSTITUTION PRODUCTS OF METHANE. 
Methane: B*p, -152'’; m-p. — 186“, 


Substitution 

Product. 

Fluoro* 

Chloro* 

Brumo. 

i lodo’ 

B-p. 

M-p. 

B.p. 

M>p. 

B-P. M-ft 

Mono ■ 

gas 

*-23“ 

-104® 

-4“ 


+3’ — 

Di . . 

gas 

+ 42 

— 

97 ’ 

— 

180" +4* 

Tri- . . 

gas 1 

61" 

“•60" 

146“ 

+ 9’ 

decomp. [ no* 

Tetra- . 

gas j 

7?“ 

-30* 

iBg" 

92" 

deoom posed. 

1 


75 . Hetbyl Alcohol and its Oxidation Products : Hydroxyme- 
thanes. — Chloromethane, made from methane, is identical with 
methyl chloride made from methyl alcohol, and is accordingly 
convertible into this alcohol by hydrolysis. The gas is 
dissolved in caustic potash, and heated in a sealed tube ; 
and the volatile product of the action, when purified, is 
identical with recced wood spirit. The synthesis of methyl 
alcohol was thus first effected (Berthelot, 1857). 

C CSg — ^CHg.OH, 

It follows from this double identity that methyl alcohol is 
a substitution product of methane, or hydroxymeihane ; it is 
methane in which oneTourth of the hydrogen is replaced by 
hydroxyl (compare § 71, footnote). 

II H H 

H-C-H ^ H-C-Cl > H-C-OH 
H H H 

Similarly, formic acid is a dehydrated ttihydroxymethane, 
corresponding with chloroform, and carbon dioxide a dehy- 
drated tetrahydroxymethane. The first product formed in 
the Hydrolysis of chloroform is orihoformic acidt CH(OH)3 j 
but this cannot exist in the free state, and loses water, giving 
ordinary formic acid. Hence when chloroform is boiled with 
aqueous alkalies the alkali formate is produced. 

H.CCla + 3H.OH =H,C(0H)3 + 3HCI j 
H.C(0H)3 =H.C 00 H + H2O. 

If the reaction is carried out in alcoholic solution, esters of orthoformic 
acid are obtained. When chloroform is mixed with an alcoholic solution 
of sodium ethoxide (i.e. sodium dissolved in excess of alcohol), there is a 
vigordpis action, and a light, oily layer of ethyl orthoformate forms on the 
surfaeebf the liquid. This can be separated, dried and distilled. Ethyl 
ortHoformi^,M.C{OEt)i (Williamson, 1854). is a liquid which boils at 146*. 
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When heated with aqueous alkali, it is readily liydrolj?sed to alcohol and 
the alkali formate. The corresponding methyl ortho formate boils at 
Formic acid is thus the representative of trihydroxymethane, 

H,C(0H)3 

H.CCU H.COOH 

H.C(0Et)3 ^ 

The tetrahydroxy-methane, corresponding with carbon tetrachloride 
and carbonic acid, cannot exist in the free state, and breaks up succes- 
sively into carbonic acid and carbon dioxide. When carbon tetrachloride 
is hydrolysed with alkali, the alkali carbonate is therefore produced. 

CCU+4H.OH-C(OH)*+4Ha; 
qOH}* = CO(OH)2+HaO = C0^-haH,0. 

The esters of orthocarbonic acid cannot be prepared directly from 
carbon tetrachloride, but they are formed in an analogous manner, by 
the action of alcoholic potash on trichloronitromethane, (§ 233), a substance 
which is obtained by the action of nitric acid on chloroform. Ethyl 
orthocarbonale, C(OEt)4 (Basset, 1864), is a liquid which boils at 168° ; it 
is easily hydrolysed by alkalies to alcohol and the alkali carbonate. 


CHCI 3 



CCl, C(0H)4 

CCla.NOa — > C(OE0* 



CO(OH)a CO, 


Carbon dioxide is thus the representative of tetrakydroxymethane, and the 
unstable carbonic acid of the ordinary carbonates is an intermediate 
dehydration product. 

Carbonic acid is so feeble an acid that its esters cannot be formed by 
direct interaction with the alcohols. They are readily obtained by digest- 
ing silver carbonate with the alkyl iodide, in the same way as ethyl acetate 
from silver acetate and ethyl iodide ; they are also formed by the pro- 
longed interaction of the alcohols with carbonyl chloride, in the same way 
as in the preparation of ethyl acetate from alcohol and acetyl chloride. 
Ethyl carbonate, CO{OKt)2 (Clermont, 1854), is a liquid which bpils at 
126® ; it is hydrolysed by alkalies to alcohol and the alkali carbonate. 


CO:ONa)a •- 

I 


CO(OAg)a 


CO(OEt)a 


It will be shown later ( § 86) that formaldehyde, the product 
intermediate to methyl alcohol and formic acid, represents 
dihydroxy methane, and corresponds with methylene chloride. 
The oxidation products of methane therefore form a series 
parallel to the chloro-substitntion products, and comprise 
all the hydroxymethaues which are possible, according to 
the theory of structure and valency. 

Hence the ultimate oxidation product oE methane, 
whether formed by direct oxidation, or indirectly through 
the chlorination products, is tetrahydroxymethane, which 
corresponds with the carbon dioxide obtained in Slctual 
practice. 
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76. Synopsis. — ;MetIiyl chloride is identical with chlord- 
methane, a chloro-substitution product of the hydrocarbon, 
methane or marsh-gas. Methyl alcohol is the corresponding 
hydroxy-methane. The oxidation products of methyl alcohol 
correspond with the higher chloro-substitution products of 
methane, and represent all the hydroxy-methanes which are 
theoretically possible. 
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carbon 


y PB, 

metliane’i-^ — 
methyl hydride 

gas (-15O 


CH 3 .MgI 
- magnesium 
methiodide 



CH3.C00H-<- cNKjNaOn 
acetic acid 

. A 


CHs.CITaOH 
etbyl alcohol 


ccis-ciro 

chloral 



- CH^CMBr, I) 
chloromethaue f 

methyl chloride 


Y 

CH9Cla{Br, I)-- 
methylene chloride 
^ iid) 


^ methane ; 

methyl alcohol 


foimaldehyd) 

[dikydroxy- 

meihane) 


CH(OEt)3 


Y 

CHClglBr, I) 
-.chloroform 

trichlorometkane 
sweetliqiiid; charac* 
teristic odour 
(60 
A 


H.COOH 
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methane) 
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THE PARAFFINS : CHAIN ISOMERISM 

77 . Etimne. — Methane is the first member of a series of 
hydrocarbons, which are related to erthyl alcohol, acetic acid' 
and their homologues in the same way as methane itself to 
methyl alcohpl and formic acid. Like methane, these hydro- 
carbons occur in nature ; they form the chief constituents 
of paraffin oil or petroleum. 

Ethane, the hydrocarbon corresponding with ordin^y 
alcohol a,nd acetic acid, occurs together with methane at 
Pittsburg, U.S.A., where it is utilised for lighting, heating, etc. 
It may be prepared synthetically from ethyl bromide or iodide, 
or propionic acid, by the methods which have been described 
under methane, which gas it resembles in all essential details. 

' C2H5.COONa "tXaOH =Xa2C03 +(>2116 < 

2C2Hg.MgI + H 2 O — MgO +Mgl2 +2C2Hg ; 

C2HBBr + H=C2H8+HBr. 

Eihanef CH3.CH3 (Frankland, 1848), is an insoluble gas, 
which is somewhat heavier than air. When cooled sufficiently 
it condenses to a very light, colourless liquid, which boils at 
— Ss**, freezes at —171°, and has a specific gravity of 0-45. 
It bums with' a somewhat luminous flame to carbon di- 
oxide and water ; and as with methane, the initial product oi 
oxidation is the aldehyde, or compound intermediate to 
the corresponding alcohol and acid (§ 82), 

Like methane, ethane has practically no action on bromine 
water ; bi|t when mixed with chlorine in daylight, it is slowly 
converted into substitution products. Monochlorethane is 
identical with ethyl chloride, and convertible into ethyl 
alcohol by hydrolysis ; ethane is therefore ethyl hydride t and 
alcohol, hydfoxyethane. By further chlorination, trichlor- 
CH3.CGI3, is obtained, which resembles chloroform, and 
is converted into acetic acid when hydroJ)rsed ; it may also be 
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converted into ethyl orthoacetate, CH3.C(OEt)3, a liquid analo- 
gous to ethyl orthoformate. Acetic acid is therefore the 
representative of irihydroxy ethane, 

C2H5.H ^ ^ C2H5.a 4- ^ CH3.CCI3 

f i • 

C2Hj,.OH -4- ^ CH3.COOH ^ 

Ethane is more complex than methane, and may also be regarded as 
dimethyl ; it was first obtained in fact in an attempt to isolate the methyl 
radical. When methyl iodide is heated with excess of zinc (Frankland, 1349) 
or sodium (Wurtz, 1855), the iodine is removed in combination with the 
metal, and the methyl groups unite with one another, forming dimethyl or 
ethane ; in presence of acetonitrile the action proceeds at the ordinary tem- 
perature, Similarly, when a strong solution of potassium acetate is electro- 
lysed, methyl radicals are set free by the decomposition of the acetoxyl 
ions, CH3.CO.O, at the anode. These in turn imite with one another, 
forming dimethyl or ethane (Kolbe, 1849) ; but some combine with unde- 
composed acetoxyl ions, forming methyl acetate. 

The ethane formed from methyl compounds in these ways is identical 
with that prepared from ethyl compounds, and is convertible into ethyl 
chloride and ethyl alcohol in the same manner (Schorlcmmer, 1863)* 

CKsI+Na. + CHsI^CH’.CHa+aNal. 

— 4* 

CH 3 .COOK= CH 3 .CO.O. + K ; CH 3 .CO.O. -CH 3 , + CO, ; 
aCH,.=CH,.CH3 ; CH^.CO.O. + CHa.^CHa.CO.OCH^, 

78. The Methane or ParafQn Series : Saturateif Compounds 
The character of the hydrocarbons of the methane series 
changes with increase of molecular weight, in the same way as 
that of the alcohols and acids derived from them, The vola- 
tility diminishes ; gases become liquids ; volatile liquids pass 
into liquids of high boiling-point, and eventually into solids. 

These hydrocarbons are essential constituents of ordinary 
petroleum, from which many of thern may be isolated by 
fractional distillation (Pelouze, Williams, Schorlcmmer, 1857— 
64) ; the higher members of the series are light, insoluble 
liquids, or easUy fusible solids, and the more volatile are 
characterised by a fresh, ethereal odour (the peculiar odour of 
paraffin oil is due to impurities). 

Propane, which is formed in the same way^as ethane, 
is a heavy gas, which condenses to a light liquid at -37". 
Butane, which is made by heating ethyl iodide with 

excess of zinc or sodium, is a light, very volatile liquid, boiling 
at + 1 Pentane, C5H1 2, boils at 36“, and is used as a standard 
Of iUuminating power. Hexane, boils at 69^ and can-be 
prepared from the natural sugars. Heptane, boils at 
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98®, and is obtained on distilling Californian pine resin. 

From "butane upwards, these hydrocarbons can be made by heating 
the corresponding acids with fuming hydriodic acid and red phosphorus 
(Berthelot, 1867). Hydriodic acid at the high temperature employed is 
resolved into iodine and hydrogen, which under these conditions is the 
most powerful reducing agent applicable to carbon compounds. The 
phosphorus serves to regenerate the acid from the liberated iodine. 

CH..,.CH^.CH2.C00H+6HI = CH3.CH3.CHa.CH3 + 2H20+3l2. 

The homologous compounds up to pentadecane steadily decrease in 
volatility. Hexadecane, Ci6^34» hydrocarbon corresponding with 
palmitic acid, is a crystalline solid, which melts at 18®, and boils at 257®. 
Octodecane, CigH^g, corresponding with stearic acid, melts at 28®, and 
boils at 317®. The highest known member of the methane series is the 
hydrocarbon, ^ crystalline solid melting at 102“. 

The methane hydrocarbons are distinguished by ti^sir 
great inertness towards ordinary chemical agents ; they do 
not decolorise bromine water, nor reduce alkaline permanga- 
nate ; and although they are attacked by chlorine, the action 
is very slow. On account of this general inertness, they are 
known as the paraffins (Watts, 1873).’*' 

Compounds such as these, which act only by substitution, and do not 
enter into additive combinations (§§ 85, 104), are termed saturated 
compounds- The carbon atom is never more than quadrivalent, and 
when the four valencies are already saturated, hydrogen must be displaced 
to make room for the new atom or group. 

The paraffins do not unite directly with other substances, 
but they are eventually reconvertible into alcohols, acids, etc., 
by methods of chlorination, hydrolysis and oxidation, analo- 
gous to those employed with methane and ethane (§§75,77), 
The fatty compounds in general are therefore substituted 
paraffins (§ 81). 

The practical details of this reconversion are simpler than with the 
gaseous hydrocarbons, because Uquids and solids are more easily handled 
than gases ; hut the results are identical. Chlorine is the most efiective 
agent, although others, such as sulphuric acid and nitric acid (§§231, 246) 
are also occasionally employed. 

79 . Petiolenm ; ParafQa Oil and Wax. — Petroleum or rock oil has been 
known for inany centuries ; the oily scum, which sometimes floats on the 
surface of wells, was used as a healing ointment by the Romans and North 
American Indians. The first discovery of petroleum in quantity was made 
in Derbyshire in, the middle of the last century (Playfair, 1847), when a 


• Pamm affinis (Reichenbach, 1839) ; the name was originally given to 
a solid, -waxy member of the series, obtained by distilling wood-tar. 
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rich spring of dense oil was found in a disused mine. This spring was soon 
exhausted, and various methods were tried of making the oil artificially. 
The most successful of these, which is still used, consists in distilling 
cannel coal or shale — slate-coal (Young, 1848). 

Soon afterwards oil was struck in Pennsylvania, and in i86r a well was 
bored, from which crude petroleum flowed spontaneously at the rate of 
100,000 gallons a day. Since then, petroleum has been found in various 
parts of the world. It is probable that natural oil, the supply of whkh in 
many districts seems inexhaustible, is fonned by the action of water on 
natural metallic carbides (Mendel^eff, 1877) ; uranium carbide thus gives 
a mixture of gaseous, liquid and solid hydrocarbons when hydrolysed. 

Petroleum, whether natural or artificial, is a complex mixture ; besides 
members 0/ the paraffin series, there are also present naphthenes (§287), 
aromatic hydrocarbons (§242), and olefines f J 1 06). J?ussian and G^ician 
petroleum is especially rich in naphthenes, and shale oil in olefeies; 
American petroleum also contains these, as well as aromatic hydrocarbbn^ 
but the paraffins predominate. 

Crude petroleum is a dark, viscid, malodorous liquid, and is useless until 
it has been refined by fractionation and chemical purification. The oil 
is first roughly distilled, to separate pitchy substances. The distillate is 
agitated with caustic alkali to remove add impurities (phenols, § 254), and^^ 
then with concentrated sulphuric acid to separate basic impurities, colour- 
ing matter, and to a certain extent, hydrocarbons of other series. It is 
then fractionated. 

Dissolved gaseous hydrocarbons from methane to butane having been 
expelled, the distillate is collected. The most volatile fraction, petroleum 
ether, petrol or motor -spirit, boils at 30-100®, and has a specific gravity of 
0*6-07 ; it consists largely of pentane, hexane and h^tane. The suc- 
ceeding fraction is used in spirit lamps, as he^zoUn^ Ordinary illu- 
minating oil boils at 150-280®, and has a specific gravity of 0-8-0*85 ; it 
contains the paraffins from nonane to hexadecane. Paraffin oil is dan- 
gerous when it “ flashes ** or gives an mflammablc vapom below 40®, and 
numerous lamp explosions are caused by the use of cheap oil of low flash- 
point. The fractions boiling at 300® and upwards are more or less viscid, 
and form lubricating oil At a still higher temperature the distillate 
becomes semi-solid, and is known as mseline. * The final fractions set to 
a crystalline solid, paraffin wax ; commercial solid paiaflin contains the 
hydrocarbons C25Hfi2 and upwards. 

80 , Constitution of the Paraffins : Iso-Paraffins : Chain Iso- 
merism, — The constitution of the ordinary or normal paraffins 
follows from their conversion, by successive chlorination and 
hydrolysis, into the. corresponding alcohols and acids (Schor- 
lemmer, 1883), aftd from their synthesis from the lower alkyl 
iodides (§ 7;) by the Wurtz reaction (Schorlemmer, 1^2). 

When normal pentane, the pentane of highest boiHng point, is chlorinated, 
an amyj chloride, is obtained, which is convertible into amyl alcohol and 
valeric acid. The constitutional formula of valeric acif, CHsjGHaXHs- 
OTj.COOH, is proved by the cyanide synthesis, and normal pentane is 
therefore represented by the formula CH3.CH2.CH2.CH3.CH3. Normal 
iMKane can be prepared synthetic^y by the actU^of sodium on the 
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propyl iodide made from ordinary propyl alcohol ; hence it is dipropyl, 
[cH^.CH 2-CH2]2, just as norm'al butane and ethane are diedhyl and 
dimethyl respectively. 

CH3.[CH3l3.CH3.<-j^H3.[CHj3CH,Cl4^H,.[CHj3.CH,0H.^CH,.[CHj,.C00H 

CHa.CHa.CHJ + Na^ + CHJ.CH3.CH3 = zNal + CHj.CH^.CHj.CHa.CH^.CHj. 

But besides-th,ese normal paraffins, corresponding with the 
ordinary alcohols and acids, petroleum contains more volatile 
isorrieric compounds, some of which have been isolated by careful 
fractionation of American petroleum ; they were first obtained 
synthetically, from the corfesponding iso-halogen derivatives 
(§§ 97 , 99 )- 

IsobutanCt a gas condensing at —6°, is formed by 

digesting tertiary-butyl iodide {§98) with zinc and water. 
Isopentane, C5H12 (Frankland, 1850), a light liquid boiling at 
30°, is formed simHarly from isoamyl iodide. Isohexane, 
(Wurtz, 1855), ■which boils at 62®, is formed by the 
action of sodium on a mixture of isobutyl iodide (§ 97) and 
ethyl iodide, in the same way as ethane from methyl iodide. 

(CH3)aCI + 2H=.(CH3)3CH + HI ; 

'{CHglsCH.CHal -h Na^ + CaHel - (CH3)3CH.CH2.C2H6 + zNal. 

There are no isomerides of ethane and propane : the carbon 
atoms are necessarily linked together, and the remaining 
valencies are ^tisfieji by the hydrogen atoms. 

H K H H It 

‘II III 

H_C— C— H H— C— C— C— H 

, 1- 1 -1 1 i 

II H H H II 

Elhane or Methyl-melbaiie. Prypaueor Methyl-etiiaiie. 

But the structural formula of butane may be arranged in 
two ways ; the fourth carbon atom may be linked with either 
a terminal or a median atom of the propane nucleus. 

H II H II H H U 

Mil ! j j - 

H~C— C— (J--C— M H-(J— C~C~H 

■ MM -11! 

H H H II HCBall 

Normal butane or Di-etliyl. Isobutane or Trimethyl-methaue. 

The^lrst formuja corresponds with normal butane, the 
molecule Of which contains two ethyl radicals. Isobutane is 
therefore, represented by the second formula, and must be 
regarded as irimethyl-metkane, CH(CH3)3. 

With the pentanes the possibilities are still greater. The fifth carbon 
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atom may t)e linked to a terminal or median atom of the normal- butane 
nucleus, giving formal® which correspond with normal pentane, and 
dimeikyl’ethyl-methane, CH{CH3)2.C2H5. As isopentane is made from 
isoamyl iodide, which has the constitution CH(CH3)2.CH2.CH2l (f99), 
it is identical with this theoretically deduced dimethylrethyl-methane. 

But two pentanes may be derived similarly from isobutane, the 
fifth carbon atom being linked either to the carbon of one of the methyl 
groups, or to the central carbon atom. In the first place, the fornfula is 
again that of dimethyl-ethyl -methane, but in the second case, it is that of a 
new combination, tetramethyl-methane, €(0113)4. 

CH 3 -CH<CH.-CH. CH 3 -C <™3 
CH3 

Isopentane or Tertiary pentane or 

Dime thyl-e thy I-metliane. Tetrainetliyl-mcthanc. 

The third or tertiary pentane has been made synthetically, by the action 
of zinc methyl on tertiary butyl iodide, €(€113)31 {§ 98). Tertiary pentane 
or ieirameihyl-metkane, C(CH3)4 (Lwow, 1870), is a very volatile liquid, 
which boils at 9“, and freezes at -20°. 

The possibility of isomerism rapidly increases with the number of 
carbon atoms. There are five hexanes, nine heptanes, and eighteen 
octanes possible theoretically ; and the formula of tridecane, €43112^, dan 
be arranged in upwards of 800 distinct ways. The five hexanes are known, 
and five of the nine heptanes, but above this point the isomerism of the 
paraffins has not been tested experimentally. 

In a few special cases the constitution of individual paraffins has been 
established synthetically (see also §94). By heating butyl iodide with 
zinc-dust, dibutyl or normal octane is obtained. 

‘ aCH3.rCHda-CH,I^CH3.[CHd..CH,.CHa.lCH,],CH;, = CH3.[CH,1,.CH3 
The primary octyl iodide derived from this octane is convertible into 
dioctyl or noma! he^cadecane. 

aCH3.[CH,]6.CHJ->CH3.[CH,]5.CH,.CH,.[CH,l«,CH3 = CH3.[CH2li*.CH3. / 
This hexadecane is identical with that which is obtained by reducing 
palmitic acid with hy dr iodic acid ; and palmitic acid is therefore a normal 
compound of the following constitution (Schoclemmer, 1872}. 

CH 3 .CH 3 .CH 2 .CH 2 .CH 3 .CH,.CHa.CHa.CH,.CH,.CH 2 .CHs.CH 3 .CH 3 .CH,.COOH. 
The isomerism of the paraffins depends on the ability of the 
carbon atoms to unite with one another, and on their rigid 
quadrivalence. It is known as chain isomerism. The 
carbon atoms of the normal paraffins (of relatively the highest 
boiling-point) are connected in a continuous or normal 
ch ain, whilst those of the iso- and tertiary paraffins are linked 
In branching chains. The derivatives of these paraffins 
will be studied later (§§ 97-99). 

81 . Synopsis.— The saturated hydrocarbons homologous with 
rnethane, from which the ordinary alcohols and acids are 
derived, occur in petroleum, and are termed paraffins, from 
thfiir chemical inertness. The higher paraffins exist in numer- 
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ous isomeric forms, in which the carbon atoms are linked in 
branching chains. 

the normal paraffins and their oxygenated derivatives 

Hydrocarbon Alcohol Acid 

CnH2n'l-2 CnHan+r.OH CivHznOa—Cn— iHan— i.COOH 

Methane! -i 64“)[- 1 86^] Methyl (65°) [~94°J Formic (i'oi“) [9“] 

Ethane ( -84”) [-171°] Ethyl (78^) Acetic (118=) [16“] 

Propane ( -*37°) Propyl (97°) [-127®] Propionic (141'’) [-i9°l 

Butane (i") Butyl (117°) Butyric (162°) [-8'’] 

Pentane {37“) Amyl (138") Valeric {186°) [-58"] 

Hexane (69®) Hexyl (i57“) Caproic (205“) [- 1“] 

Heptane (98°) Heptyl (176'') OenanthyUc (224") [- io“] 

Octane (125°) Octyl {196“} Caprylic [as?") [i?"] 

Nonane (149°) [- 5i°] Noriyl (214*'} [ - 15''] Pelargonic (254“) [12"] 
Decane (174°) [-31°] Decyl (231°) I?''] Capric (269°) [30°J 

Undecane (ig7°) [ — 26°] — Undecoic [28®] 

,Dodecane(2i6°) [ - 12°] Dodecyl [24°] Laurie [44®] 

Tridecane {234°) [-a®] — Tridecoic [41®] 

Tetradecaue (252^) [6°] Tetradecyl [38®] Myristic [54°] 

Pentadecane (27o°}[io°] Pentadecyl [46®] Pentadecoic [51“] 

Hexadecane (287*^) [18°] ^ Cetyl [49''] Palmitic [62®] 

Heptadecane (303‘^)[23°] — Margaric [6o°] 

Octodecane (317°) [28°] Stearyl [59°] Stearic [69®] 

Nonadecane (330°) [32^ — Nonadecoic [67l 

Eicosane — 137'*! ^ — lAxachidic [77°] 

The higher alcohols and acids whose boiling-points are not given can be distilled un- 
changed only under reduced pressure. 



SECTION IV 


THE THEORY OF STRUCTURE DEVELOPED 
CHAPTER XV 

THE ALDEHYDES 

82 . Oxidation of Alcohol and Reduction of Acetic Acid to Alde- 
hyde. — When alcohol is oxidised with a mild agent, such as 
chromic acid, or manganese dioxide and dilute sulphuric acid, 
an intermediate product, aldehyde, is obtained, instead of the 
acetic acid, which is formed when a more energetic agent is 
employed (Scheele, 1774). 

CH3.CH2OH fO^CHa.CHO +H2O. 

To obtain this product in quantity, a cold mixture of alcohol 
and dilute sulphuric acid is allowed to drop on crystallised 
potassium' dichromate, which is placed in a large flask, con- 
nected with a reflux condenser supplied with warm water 
(Fig. 16) ; a brisk action occurs, the chromate is reduced 
to chrome alum, and the volatile aldehyde distils over, whilst 
any unchanged alcohol is returned to the flask. 

It is best isolated in the form of a crystalline derivative, 
aldehyde-ammonia (Dobereiner, 1821). 

The aude aldehyde vapour is absorbed in dry ether, contained in a 
Volhard trap (compare Fig. 18, § 114), which is kept cool by ice-water ; and 
at the end of the operation it is converted into aldehyde-ammonia by 
saturating the ethereal solution with dry ammonia gas. - 

On distilling the air-dried aldehyde-ammonia with a slight excess of 
dilute sulphuric acid, at as low a temperature as possible^ pure aideh3^de 
volatilises ; the vapour is dried with warm calcium chloride, and 
in a freering-mixture, the practical details being sir nd a r to those involved 
in the preparation of pure ethylamine (Fig. 14, § 57), 

Aceialdehydey CH3.CHO (Liebig, 1835), is a colourless, 
mnliiU very volatile liquid, which tihs a characteristic, snflb'* 



82] The Aldehydes 99 

eating odour^ and bums with a luminous flames it boils at 
21®, freezes at - 121®, and has a specific gravity of (b*8oi at o“. 
The empirical and molecular formula is C2H4O, so that its 
molecule is formed from that of alcohol by the removal of 
two hydrogen atoms [alcohol dehydrogemius). 

C2H5O — '2H = C2H4O. 

Alcohol Alcohol Ueliydrogeiilse^ 

Aldehyde is also formed as an intermediate product in the reduction of 
acetyl chloride to ala^ol by sodium amalgam (§36), and can be detected 
ill the product during the “arlier stages of the operation ; the yield, how- 



Fig. 1 6.-^ Preparation of Aldehyde- Ammonia. 

When the dichromate is exhausted the ether^trap is disconnected froiu the reflux condenser, con* 
netted with the ahimonia generator, and s^iturated with aiuinoiiia, while a fresh clurpe of dichromate 
Is introduced into the flask. In the above operatiuu t!te second charge of aldehyde is passing over. 


ever, is very small, as most of the product at once undergoes further 
reduction 83). 

C.H^O.Cl + 2H = C.H,,O.K + iia 

Aldehyde is also obtained by reducing acetic acid with 
formic acid, by means of the barium salts, which are made by 
neutralising the acids with barium carbonate. The calculated 
quantities are dissolved in water and evaporated to drynes.« 
together, and the intimate mixture thus prepared is distilled 
from a hard glass tube (Fig. 17, § 88)'; the distillate is 
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collected in water. The residue consists of barium carbon- 
ate, produced by oxidation of the formate (Pirial 1856). 

Ba(0.C0.CH3)a + Ba(0.C0.H)2 == 2CH3.CHO + 2BaC03. 

83. Oxidation of Aldehyde to Acetic Acid and its Reduction to 
Alcohol* — Aldehyde is a very unstable substance. It is 
oxidised to acetic acid even by prolonged exposure to air, and 
when warmed with acid permanganate is converted rapidly 
and quantitatively into this acid. 

CH3.CHO + 0 =CH 3 .C 00 H; >• 

The aldehyde solution is cautiously poured down the condenser of a 
reflux apparatus containing the acid mixture, and after the violent action 
has moderated, more acid and permanganate are added, the boiling being 
continued until the agent ceases to be decolorised ; the product is then 
(altered, and the acetic acid distilled ofl. 

Being so readily oxidisable, it has marked reducing powers, 
and when warmed with ammoniacal silver nitrate in a test- 
tube, wliich is immersed in a beaker of hot water, it pre- 
cipitates silver as a brilliant mirror on the sides of the tube 
(Liebig) ; the ammonia serves to neutralise the acetic and 
nitric acids as they are formed. 

C2H40 + 2AgN03 + 3NH3+H20-2Ag+CH3.C00NH4 + 2 NH 4 .N 03 . 

Conversely, aldehyde is reduced to alcohol by digestion witlf 
sodium amalgam and dilute sulphuric acid ; after a few hours 
the characteristic odour disappears, and on distilling the pro- 
duct, dilute alcohol passes over (Wurtz, 1862). 

CH3.CHO -bzH =CH3.CH20H. 

A very characteristic property of aldehyde is its action on 
decolorised rosaniline ; a solution of rosaniline hydrochloride 
(magenta dye) is bleached by a large excess of sulphurous 
acid, owing to the formation of a colourless compound, but on 
adding a little aldehyde, a violet colour appears (Schiff, 1867). 

8i. CoDstitutioa ot Aldehyde.—As aldehyde is intermediate 
to alcohol and acetic acid, it contains the nucleus CHj.Q and 
as the remaining three valencies can only be satisfied by direct 
attachment of the remaining hydrogen and oxygen atoms, its 
structural formula is as under, 

H 


ClljjOn ^ H — C — C — H ^ ^ COOH 


H 0 

Structural ronnula of Aldehyda. 


The aldehyde molecule thus consists of a methyl group 



lot 
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linked to a univalent radical, 

CHO. 

The Aldehyde Croup or Radical. 

This aldehyde group is identical with the formyl 
radical, and accounts for the reducing power of formic 
acid, and the formation of aldehyde from barium acetate and 
formate (Williamson, 1857). 

Ba(CiC0.CH3)2+Ba(0.CH0)2=2BaC03+2CH3.CH0. 

The constitution of aldehyde is confirmed by the action of 
phosphorus peutachloride, which converts it into a dihalogen 
product, ethylidene chloride ; both acidic and alkylic hydroxyl 
are therefore absent (compare § 34). The absence of the 
latter is also proved independently by the indifference of 
aldehyde towards acetyl chloride (§41), 

Ethylidene chloride, CH3.CHCI2, is a heavy, colourless liquid, 
which boils at 60®, and has a sweet odour and taste. When 
heated in a sealed tube with dilute sulphuric acid, it is recon- 
verted into aldehyde. 

C2H4;0 — >-C2H4 : CI 2 . 

The two chlorine atoms thus reciprocally interchangeable with the 
ildehyde oxygen are necessarUy linked to carbon, and the oxygen of 
^aldehyde is therefore linked to carbon by both its valencies. As phosphorus 
pentachloridc behaves with ethers and ethereal salts in the same way as 
with alcohols and acids, it serves to differentiate singly. linked 
from doubly-linked oxygen. 

R^.O.R2-^Ri.C 1-|-R2*C1 ; R:0-^R:Cl2. 

Although aldehyde itself does not contain hydroxyl, certain 
derivatives are known, which prove that it is the immediate 
representative of a dihydroxy-compound. Thus, on heating 
it with alcohol, or ethylidene chloride with sodium ethoxide, a 
kind of double ether, acetal, is formed. 

Acelal or ethylidene diethyl ether, CH3.CH(OEt)2 (Liebig, 
1831), is a stable, neutral liquid, which boils at 104®, and has 
a characteristic ethereal odour. 

CH3 CH,OH->CH,.CH(OH)a^ CHjCHfOEt). ^ CH,.CHCL. 

Alcohol AMehydrol AceBI ' Dichlo,ido ’ 

+ -f 

not only by its formation from 
ethylidene chloride, but by its rapid hydrolysis to aldehyde and alcohol 
Dy dUute acids. The formation of aldehyde by oxidation is evidently 
pieced^ by that of a dihydroxy-compound or aldehydrol ; in some cases 
such aldehydrols can actually be isolated (see Chloral, § 113). 

. • -^dehyde is t hus the representative of a dihydroxyethane 
intermediate between hydroxyethane or alcohol and trihy- 
droxyethane or acetic acid ; it is in fact the initial product of 
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the direct oxidation of ethane by oxygen at 500® (Bone, 1904), 
^CHg-CHyOH-^— ^CH3,CH(On)8>^— 


t i 


> CHs.CHO ^ CH3.COOH 


85. Addidv* Compounds, Polymerldes, and Condensation Products of Aldebyde. 

—The crystalline aldehyde-ammonia, CH3.CHOH.NH2, used in the 
purification, of aldehyde, is formed by direct union of the two molecules, 
and is a simple additive compound. A second compound of the same 
class, aldehyde sodium sulphite, CHg.CHOH.SOgNa (Bertagnini, 1855), also 
a crystalline substance, is formed when pure aldehyde is shaken with a 
saturated solution of sodium hydrogen sulphite j like the ammonia com- 
pound, it is readily hydrolysed to its constituents. 

An additive compound of a different type, aldehyde hydrocyanide, 
CH3.CHOH.CN (Gautier, 1867), a liquid boiling at 183°, is formed when 
aldehyde is gently heated with concentrated hydrocyanic acid in a closed 
vessel ; it differs from the preceding compounds in that only part of the 
added molecule, namely the nitrogen, is detached by acid hydj-olysis, the 
cyanogen being converted into carboxyl as in the simple nitriles (see 
Lactic Acid, § 137). Alcohol and acetic acid may themselves be regarded 
as additive derivatives of aldehyde. 

The tendency of aldehyde to form additive compounds is so marked 
that it will even combine with itself. When a drop of concentrated sul- 
phuric acid is added to the pur e liquid, contraction takes place, much heat 
is evolved, and the boiling point rises many degrees, owing to the formation* 
of a much less volatile isomeride termed paraldehyde, whilst if the tem- 
perature is kept below o®, the aldehyde is converted into a white crystalline 
solid termed metaldehyde, Metaldehyde is also formed when aldehyde 
is kept in contact with calcium chloride. 


Paraldehyde, is a sparingly soluble liquid which 

boils at 124” ; its molecular formula, CeHijOj, follows from its vapour' 
density. Unbke aldehyde, it is a stable substance, and is -oxidised and 
reduced only with difficulty ; it does not reduce sUver, nor colour bleached 
rosanilme. It is converted into ethylidene chloride by phosphorus penta- 
chloride, and reconverted into oKlinary aldehyde when heated in a 
Sealed tube with dilute sulphuric acid ; and is thus a complex ether of the 
same t5^e as acetal (Kekule, 1870). 

(CaH^Ola, is a white aystalUne substance, which commences 
to subhme at about 115 , and at the same time is partiallv reconverted in tn 
ordinary aldehyde. Metaldehyde resembles paraldeh^ ri^aclion^^^ 
and IS probably stereoisomeric with it (§ 141). actions, 

An intoal additive compound of a different type, termed aldol, is formed 

by digestmgddehyde with aqueous potassium carbonate. Aldol CaHoO 

is a hqmd of cooler constitution (§ 146), resembling aldehyde to its 
genaal actfons These internal compounds are necessjily iSSc „i\h 
aldehyde, md their molecules are simple multiples of the todehyde mofe 
jsTi). * isomendes are termed polvmerides iLrzeUusj 
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Whilst aldehyde acts initially almost entirely by addition, the additive 
copjpounds may undergo further change. Thus when aldehyde is mixed 
with hydroxjlamine hydrcwihloride solution, and the hydroxylamine is 
set free by addition of sodium carbonate, the two substances coalesce, and 
at the same time lose water. The compound thus formed is isolated by 
shaking the product with ether ; it is freely soluble in this liquid, but the 
ethereal solution is insoluble in water, and can be separated with a 
tap-funnel j the ether is then distilled off, 

Acetaldoxime, CH3.CH:N.OH (V. Meyer, 1883), is a crystalline solid, 
which melts at 47* and boils at 115“ ; it is reconverted into aldehyde and 
hydroxylamine by hydrochloric acid, and is dehydrated to acetonitrile by 
acetic anhydride. An unstable liquid form is also known (compare § 356). 

CH^.CHO+NIIjj.OH ^ CHg.CHrN.OH ^ CH3.CN. 

An analogous compound, aUehyde-phenyl-hydrazone, CHs.CIhN.NH. 
CgHs (Fischer, 1885), an insoluble, oily liquid, which becomes crystalline 
after dissolving in strong alcohol, is formed by mixing solutions of alde- 
hyde and phenyl-hydrazine acetate {§ 261); it is reconverted into its 
constituents by hydroly||jc agents. 

CH.,.CH0+NH2.NH,CbH 3 <-> ai3.CH:N.NH.C,H3-hH,0. 

Compounds thus formed by the union of two molecules with elimina- 
tion of water, or other simple product, are termed condensation 
products (compare § 146); when water itself is eliminated, as in these 
particular cases, condensation is the exact reverse of hydrolysis. 

Aldehyde forms condensation products with itself. Ctoionaldehyd^, 
C3H5.CHO (5 133), is formed by the action of zinc chloride on aldol, or by 
dimply distilling it. An action which is possibly similar is brought about 
by warming aldehyde with strong caustic soda solution ; the aldehyde 
min (Dobereiner, 1821) which is formed, is a sticky yellowish substance, 
having a characteristic soapy and resinous odour ; little is known of its 
chemical nature, as it cannot be crystallised or distilled (seelsophthalic 
Acid, § 325). 

The tendency of aldehyde to form these additive and condensation 
products is highly characteristic, and as will be seen later, actions of this 
hind play a very important part in the natural synthesis of organic com- 
pounds in plants. 

86. The Aldehydes. — Like alcohol and acetic acid, aldehyde 
is the type of a large class of compounds, each pair of alcohols 
and acids being connected by a similar product. These 
intermediate compounds are termed, generically, the alde- 
hydes, and are named after the corresponding acids. 

The most conspicuous is formaldehyde, the product inter- 
mediate to methyl alcohol and formic acid. It is produced in 
small amount by the slow combustion of methane (§ 75), but 
is best prepared by the oxidation of methyl alcohol. 

Dry air, charged With vapour from the latter at 40°, is 
led over a short spiral of copper gauze, which is heated to 
incipiejft redness in a short length of combustion tube. The 
product is carried through a train of well cooled flasks, a 
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40 per cent, solution of the aldehyde collecting in the first, 
and weaker solutions in the others. The pure aldehyde is 
obtained by heating paraformaldehyde, and condensing the 
vapour in a freezing mixture. 

Fotynaldehyde^ H.CHO (Hofmann, 1867), is a very pungent 
and acrid gas which condenses to a liquid at — 21®, and freezes 
at — 92“. Pure formaldehyde is very unstable, and when 
warmed even to 0° polymerises explosively with evolution of 
much heat. The 40 per cent, solution is quite Stable, how- 
ever, and is used as an antiseptic, under the name of formalin ; 
on attempting to concentrate further it is gradually con- 
verted into a soluble solid polymeride. 

In its general actions formaldehyde closely resembles acet- 
aldehyde ; it is readily oxidised to formic acid by mild 
oxidising agents, and thus reduces silver solutions in the cold ; 
it even reduces hydrogen peroxide to hydrogen in warm 
alkaline solution. It is reduced to methyl alcohol by sodium 
amalgam, and vividly colours bleached rosaniline. 

Formaldehyde also combines with alcohols ; methylal, 
H.CH(0Me)2, the compound formed with methyl alcohol, is 
a stable liquid which boils at 42 and resembles acetal ; 
ethylal^ H.CH(0Et)2, at 89°. The aldehyde is thus the 
representative of dihydroxy methane, H.CH(0H)2. 

Formaldehyde condenses with hydroxylamine to formaldoxime, H.CH : 
N.OH, an unstable liquid which boils at 85% and is converted into for- 
monitrile on boiling with water. It forms condensation products with 
phenylhydrazine, and additive compounds with sodium hydrogen sulphite 
and hyiEogen cyanide. It differs from acetaldehyde in its action with 
ammonia and the alkalies ; it neutralises ammonia with development of 
much beat) owing to the formation of a crystalline condensation product, 
kexamethylene-tetramine or urotropine, N4(CH2)g ; and it is converted by 
dilute caustic alkalies into methyl alcohol and the formate, one molecule 
of the aldehyde being oxidised at the expense of another. 

2H.CHO + NaOH = CH3.OH + H.COONa. 

Formaldehyde polymerises in the same way as its prototype ; the 
metafortmldehyde or trioxymethylene, CgHgOa, formed by spontaneous 
polymerkation, is a soluble crystalline substance which melts at 171°, and 
is dissociated into the mother substance when vaporised, or heated with 
water at 130®. Formaldehyde is also directly polymerisable to inactive 
fructose, CgHijOe, a sugar which is closely connected with the natural 
sugars. As formaldehyde is probably the initial product in the assimi- 
lation of carbon dioxide by living plants, it is a natural synthetic agent of 
great importance (§187). 

C0,> HaO = H.CHO + 0, ; 

H.CHO ■> CgHiaOd {CfiH toO J* 

FonniUdeliyde Starches 
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Of the higher aldehydes, propaidehyde, C2H5.CHO (Chancel, 
1869), is a suffocating, mobile liquid, boiling at 49°, and 
butaldehyde, CgH^.CHO, a similar liquid boiling at about 
75° ; both are much less soluble in water than acetaldehyde, 
but resemble it precisely in their actions ; propaldehyde is 
best made from the alcohol, and butaldehyde by reducing the 
acid by the formate method. 

As the series is ascended, the aldehydes become more oily and insoluble, 
and less volatile, and finally wax-like solids resembling the higher com- 
pounds of the other series. They all show the characteristic aldehyde 
actions, however, add are readily oxidised and reduced to the corresponding 
acids and alcohols. They also form additive and condensation products 
in the same way as their prototype. 

Such of the higher aldehydes as are known have been made for the 
most part by the barium formate method ; oenanthaldehyde, however, 
is obtained by distilling castor oil. 


THE IHGHER (NORMAL) FATTY ALDEHYDES. 

(Compare 1 8r.) 

Valer aldehyde {^03°). 

Lauraldehyde [45*]. 

Caproaldehyde {128). 

Myristaldehyde [53°]. 

Oenanthal (154'’). 

Palmitaldehyde [59"]. 

Capraldehyde (180'’}. 

Stearaldehyde [63*]. 


The aldehydes are particularly useful in synthesis from their very in- 
stability ; as already mentioned they are convenient stepping-stones 
between the acids and alcohols. 


CH,.CH,*CHoOH CH,.CIi,XHO CH,.CH.,.COOH 
' vCH3.CH,.CH,.CN 

CH .CH. CHa CH,,OH CH;,.CHa.CH,.CHO CHo.CHs.CHa.COOH 

etc., etCi 

87 . Synopsis. The aldehydes are unstable compounds, which 
are intermediate to the alcohols and acids, and are readily 
made from and converted into them. Their molecules contain 
t e characteristic aldehyde group CHO, so that they represent 
the dihydroxy-derivatives of the hydrocarbons. The alde- 
hydes enter into a variety of actions ; they are both reducing 
and oxidising agents ; they combine with themselves and other 
substances to form additive and condensation products. 



• ALDEHYDE 

CHj.CH:N.OH . C*H,0, ' 
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CHAPTER XVI 

THE KETONES AND SECONDARY ALCOHOLS 

98. Acetone.— It lias t>eeTi knovm tor several ceHtunes tkaV 
when sugar of lead is distilled, a volatile inflammable spirit 
pas^ \a. W that 

this spirit was recognised to be difierent from alcohol. It 
is termed acetone. 

Acetone is readily made in the laboratory by distilling 
barium acetate, which has previously been heated on a sand- 
bath to eliminate water of crystallisation, and reduced to a 
fine powder ; the operation is carried out in the same way 
as in the preparation of aldehyde (Fig, i/j, and at as low a 
temperature as possible. • 

The crude product is purified by means of the crystalline 
bisulphite compound, which it resembles aldehyde in forming. 

-> BaCOg + CgH^O C 3 H^ 0 ,NaHS 03 

On shaking the distillate with sodium hydrogen sulphite solution, which 
is conveniently prepared by saturating warm, water with sodium pyro* 
sulphite (“metabisulphite"), much heat is developed, and the mixture 
rapidly sets to a white crystalline mass of acetone sodium sulphite, CgH^O, 
NaHSOa. which is dried on a porous plate. On distilling the bisulphite 
compound with a concentrated solution of sodium carbonate, acetone 
passes over, while the sulphurous acid remains behind as normal sodium 
sulphite ; the acetone is finally dried with calcium chloride and redistilled. 

Acetone is also formed in considerable quantity in the dis- 
tillation of hard wood, and is thus present in crude wood 
spirit. The spirit, after removing the acid and water by dis- 
tillation with lime, consists of a mixture of acetone and methyl 
alcohol, which are roughly separable by fractionation. 

Crude commercial acetone is obtained either in this why, 
or by the dry distillation of crude calcium acetate (calcium 
“ pyrolig.nate”), and the pure substance is prepared from it 
by the hisuiphite method. Acetone is often present in con- 
107 
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siderable quantities in diabetic urine, in ■which it is formed 
by the decomposition of acetoacetic acid {§ 143). 

Acetone, C^g.CO.CHs (Lemery, seventeenth century), is a 
mobile, inflammable liquid, which has a characteristic ethereal 
odour; it boils at 57®, freezes at — 95®, and has a specific 
gravity of 0*812 at 0®. It is freely miscible with water and 
alcohol, but can be salted out from its aqueous solutions by 
calcium chloride, and is used as a solvent in organic work. 

The molecular formula of acetone is CgHgO, so that it is 
isomeric with propaldehyde, and is formed by direct resolution 
of the acetate molecule into two simpler molecule, 

Ba(0.C0.CH3)2-BaC03+C3H60. 



Fig, 17.— Dry Oi Destructive DistillauoD. 


89. Additive Compounds and Condensation Products of Acetone. 

—The mode of formation of acetone is analogous to that ol 
the aldehydes from barium formate and the barium salts ol 
the fatty acids, and the resemblance extends in a general 
manner to its chemical actions. 

Acetone is closely allied to the aldehydes; it does not 
reduce silver nor colour bleached rosanihne, when quite 
pure, nor does it form polymerides ; but in common with 
th6 aldehydes it forms various additive compounds and con- 
densation products, and does not interact with acetyl chloride. 

Acetone sodium hydrogen sulphite, CaHgO. NaHSOj (Limpricht, 1855), 
is similar to aldehyde sodium sulphite. A ceione hydrocyanide, C3HeO,HGN, 
resembles aldehyde hydrocyanide, and is converted by aci^ in a ftimiiat 
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manner into a homologue of lactic acid. An additive compound with 
ammonia is not known, but several condensation products have been 
isolated. 

Similarly acetone condenses with hydroxylamine and phenylhydrazine, 
forming products which are closely ^in to the corresponding aldehyde 
compounds, and are made and decomposed in the same way. Acetoxime, 
CgHgiN.OH {V. Meyer, 1883), is a crystalline solid, which melts at 69° j 
icetone ,pkenylhydrazone, CsHgtN.NH.CgHg, is a liquid of high boiling 
point, which crystallises to a solid melting at 16®. 

Like aldehyde, acetone also condenses with itself. On saturating the 
liquid with hydrogen chloride gas two products are formed, mesityl oxide, 
CgHioO, a liquid of peppermint odour, which, boils at 130®, and 
phoroiie, C9H]40, a yellowish crystalline solid which melts at 28° 
( § 107). By the further dehydrating action of concentrated sulphuric 
acid, an aromatic hydrocarbon, mesUylene, ( § 328), is formed. 

90. Oxidation of Acetone : its Constitution, — When acetone is 
boiled with acid permanganate in a reflux apparatus, carbon 
dioxide is evolved in abundance, and on distilling the product 
after the permanganate has ceased to be decolorised, acetic 
acid passes over. 

’CsHfiO +40=CH3.C00H +CO 2 + Hr 50 . 

A similar oxidation is effected in the preparation of chloroform, bromo- 
form and iodoform from acetone, by the action of hypochlorites, etc., the 
acetyl gfbup being separated as acetic acid, whilst the third carbon atom 
forms the nucleus of the halogen-methane. The action proceeds at the 
ordinary temperature, and is quantitative, so that acetone may conveni- 
ently be estimated by conversion into iodoform by means of sodium 
hypoiodite (iodine and caustic or carbonated soda). 

CH3.CO.CH3 + 4NaOH + 3I3 = CH^.COONa + CHI3 + sNal + 3H,0. 

Although isomeric with propaldehyde, acetone thus differs 
from it in breaking up on oxidation. Since it yields acetic 
acid, it must certainly contain the group CHg.C^, and in all 
probability the ficetyl group ; and in this case its molecule 
must consist of a methyl radical linked to an acetyl radical. 

CH3.CO-CH3. 

Acetone as Acetyi-metiiaue, 

This view is in harmony wdth its formation from barium acetate, for 
the action is parallel to the formation of aldehyde from barium acetate 
and formate (Williamson, 1857). 


Ba< 


O.CO.CH 

O.CO.H 


'==Ba<0>CO+™ 


.p ^O.CO.CHa 

^ ^O.CO,( 


^3 

CO.H 

CH, 


l.CHg CO.CH3 

Tne anove constitution is confirmed by the action of phosphorus penta- 
chloride, which converts acetone into acetone chloride, CgHgClj, a colourless 
liquid which rwembles ethylidene chloride, but boils at 70® i the oxygen 
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of acetone is therefore present as carbonyl, as in the aldehydes, and not as 
hydroxyl, as in the alcohols, a conclusion which is confirmed by the fact 
that the compound does not interact with acetyl chloride, or acids. 

As hydrogen cannot serve as a link, the remaining carbon atoms are 
bound to the carbon of-the carbonyl group ; in other words, the three 
carbon atoms of the acetone molecule are linked together, and acetone is 
derived from the hydrocarbon, propane. There are two carbonyl fonnulle- 
possible for a three-carbon compound of this composition, namely, 
CH3.CH2.CO.H and CH3.CO.CH3 ; as the first of these has already be^ 
assigned to propaldehyde, the second must be that of acetone. 

Acetone is accordingly represented by a structural for- 
mula, in which two alkyl groups are linked to a carbonyl 
radical ; when so linked, this radical is known as the 
k e 1 0 n i c or k e 1 0 - g r 0 u p . 


H H 


I I 

il-C-C— C-II, 

j II I 

H O H 

Structural Formula of Acetone; Ketonic Carbonyl. 

In the aldehydes the carbonyl is linked only to one alkyl 
group, and the other valency is satisfied by hydrogen, 

91 . Synthesis ol Acetone from Methyl and Acetyl.— The pre- 
sence of acetyl and methyl groups in the acetone mokcule is 
independently proved by its synthesis from acetyl chloride and 
a methyl compound, zinc methyl. 

Zinc methyl is made by boiling methyl iodide with a mixture of rinc 
dust and reduced copper ; the reflux apparatus, which is hkted on a water 
bath, is provided with a mercury valve, so that the air may be replaced by- 
dry ^bon dioxide before the action is commenced, as the product is very 
o^disable. When methyl iodide ceases to run back from the condenser 
the soUd product is distilled from an oil-bath at 160® and upwards, a 
stream of carbon dioxide being passed through the whole apparatus. 

2Zn-h2MeI zZuMel = ZnMea + ZuIj, 

Zinc methyly ZnMe^ (Frankland, 1852), is a colourless liquid, 
which is spontaneously inflammable in air, and must be kept 
in sealed vessels; it boils at 46°, freezes at -40°, and has 
a specific gravity of 1-386 at 10°. 

When it is mixed with acetyl chloride, a violent action oc- 
curs, and on distilling the solid product of the action with 
water, the chlorine is exchanged for methyl and acetone is 
generated (Frpnd, 1861). 


2CH3.COGI -f 2n(CHa)2 2CH3 ’C0.CH3 -|- ZnCla. 

• 7 ^^ formula of zinc methyl calculated from its vapour dea 

suy 15 ZnCsHe, and as the compound is hydrolysed by water quanti- 
tatively to zmc piude and methane, its molecule contains two mediyi 
grmjps linked to an qtom.of zinc. , ‘ 

Zn(CHa),+H,O-ZQ0-h2CH*, 
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zinc methyl is of great use in synthesis, as it affords a means of ex- 
changing methyl for halogen. The mechanism of the action is not quite 
as simple, however, as would at first sight appear; the crystalline com- 
pound Obtained in the first instance in the above synthesis is formed by 
direct combination of the acetyl chloride with the zinc methyl, and 
interacts with a further quantity of the chloride. 

CB3.COCI +ZnMfea ^CHa.CMea.O.ZnMe ; 

CH,,-CMea0.ZnMe3^-CH,.C0Cl=^CH3,C0.CH3-^2nCI2. 

9^. Reduction of Acetone to Secondary Propyl Alcohol : Position 
Isomerism. — On reducing acetone with sodium amalgam in acid 
solution, a compound is obtained (Friedel, 1862), which has 
the same composition and vapour density as propyl alcohol. 
It is an alcohol, as it forms a sodium derivative, and is con- 
verted into an acetate by acetyl chloride ; but its boiling 
point and specific gravity are lower than those of ordinary 
propyl alcohol, with which it is isomeric. 

When this secondary propyl alcohol is boiled with chromic 
acid mixture, acetone is. re-formed, and maybe isolated and 
identified by means of its bisulphite compound (Friedel, 1863). 

CHMea.OH CMea:0. 

Secondary propy! alcoliol Acetone 

We have seen that the higher alcohols may be regarded as alkyl sub- 
stitution prcxiucts of methyl alcohol, in which a hydrogen atom of the 
methyl group is replaced by an llkyl radical. They may therefore be 
termed alkyl-methyl alcohols ; ordinary alcohol is then methyl-methyl 
alcohol, CHaMe-OH. It follows logically from this nomenclature that 
there should be more complex alcohols, such as dimethyl -methyl 
alcohol, CHMe2-OH, and trimethyl-methyl alcohol, CMeg.OH (Kolbe, 
1858).* 

If the alcohol obtained by reducing acetone, is the isomeride of 
propyl alcohol required by the above considerations, it should be recon- 
verted by oxidising agents, not into an aldehyde and an add containing 
the same number of carbon atoms, as is the case with the ordinary alcohols, 
but into acetone or the oxidation products of this substance (Kolbe, 1862) ; 
this requirement is fulfilled by the above experimental result. 

When the reduction of acetone is effected by means of sodiufii in 
alkaline solution, it is arrested mainly at an intermediate stage, and a 
complex ditertiary alcohol (§ 98), pinacone, is formed. Pinacone or 
tetramethylglycbU CMe-fOHl.CMe^fOH) (compare § 120), is a crystMline 
substance melting at 38“; like isopropyl alcohol it is re-oxidised to 
acetone by chromic acid mixture, and converted into isopropyl iodide 
bj gaseous hydriodic add. When boiled with dilute sulphuric add it 
is converted by a curious transformation into pinacoUn or trimethyl- 
,CM€^.C0.GH3, a liquid of peppermint odour, boiling at 106°. 

Secondary propyl {isopropyl) alcohol^ CHMe^.OH (Berthe- 


* If tnethyr^^hol be termed carbinoU alcohols become dmdhyi- 
carhined and rKpectively ( Kolbe j. 
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lot, 1855), is a liquid which closely resembles normal propyl 
alcohol (§ 45), but boils 'at 82°, and has a specific gravity 
of 0792 at 1.5® ; it constitutes about 15 per cent, of fusel oil. 

Secondary propyl alcohol was first obtained by hydrolysis of the propyl 
hydrogen sulphate formed from propylene {§ 106), and was thought at 
the time to be the analogue of ordinary alcohol required by the rule of 
’ homology. 

The structural formula of this alcohol follows from its inter- 
convCrtibility with acetone. 

H H H 

I I I 

H— C— C~C— fl. 

i I I 

H OH H 

Structural Formula of Secondary Propyl Alcoliol. 

The structure is further confirmed by synthesis of the alcohol from 
acetaldehyde and magnesium methiodide. As already stated, magnesium 
turnings dissolve with great energy in a solution of methyl iodide in dry 
ether, and if pure acetaldehyde be added to the ethereal solution of mag- 
nesium methiodide, a crystalline additive product is obtained, from which, 
after the ether has been removed by distillation, dilute sulphuric add 
liberates secondary propyl alcohol (Grignard, 1900). 

CH,,.CHO +MgMeI = CH3 .CHMe. OMgl ; 

CH 3 .CHMe.OMgI+H 20 =MgI. 0 H+CH 3 .CHMe.OH. 

93 ." The Secondary Propyl Colnpounds.— Secondary propyl 
alcohol forms a series of esters, etc., which are distinct from 
the corresponding propyl compounds. The most important 
of these is the iodide ; it is best prepared by repeatedly 
distilling diluted glycerol with iodine and yellow phosphorus, 
or by boiling glycerol with concentrated hydriodic acid in a 
reflux apparatus (§131). 

Secondary •propyl [isopropyl] iodide^ CH3.CHI.CH3 (Ber- 
thelot, 1857), is a heavy, colourless liquid, which resembles 
ethyl and normal propyl iodides, but boils at go*^. 

Secondary propyl iodide is converted by caustic alkalies, not into the 
alcohol, but into its dehydration product, propylene, and this is the case 
with most of the iodides higher than ethyl iodide. When boiled with, lead 
oxide and water, however, it is readily hjlirolysed, and the same trans- 
formation can be effected by heating it with silver acetate, and then 
hydrolysing the isopropyl acetate in the ordinary way. 

When secondary propyl iodide is heated with silver oxide it is cod- 
verted into stcondary propyl ether, {CHMealaO, a liquid of peppermiflt 
odour, which boils at 82*, but resembles ordinary ether in its actions. - 
The secondary propyl compounds are thus the derivairiv^ 
of an alkyl radical, secondary propyl ^Uopropyt), 
CHMcj or PrP, which is isomeric with and analogous in 
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function to the ordinary or p r x ma r y pr o p yl radical. The 
isomerism of the propyl and secondary propyl compounds, 
and of propaldehyde and acetone, is termed position iso- 
merism, as it depends on the variation in the position of 
the active group with regard to the carbon chain. 

H H n H H H 

I 1 { I II ' 

H— C-C-C— II II-C-C— C-II 


III 

H H * 


i i A 


Tc:-ixiinnl or Primary Position, Kfalian or Secondary Position 


Both sets of compounds are derived from propane, but 
whilst the substituent group in the primary pro^l compounds 
is attached to a carbon atom, to which only one other carbon 
atom is united, in the secondary propyl compounds this carbon 
atom is directly linked to two others, 

94 . The Ketones and Secondary Alcohols. — By distilling the 
homologues of barium acetate, or acting on the acid chlor- 
ides with the respective zinc alkyls, compounds are formed 
which are homologous with and analogous to acetone. They 
are termed on this account, ketones.* The ketones may also 
be named after their constituent alkyl radicals or parent 
hydrocarbons ; acetone is dimethyl ketone or ketopropane, and 
propione, which is derived sim0arly from propionic acid,' 
is diethyl ketone or p-ketopentane* 

Propione^ C2Hg.CO.C2H5, a pleasant-smelling liquid, boiling 
at 103®, is formed from barium propionate ; butyrone, C3H7. 
CO.C3H7, a similar liquid, boiling at 144®, is formed by dis- 
tilling barium butyrate. 

Ba(0.C0,CaH5)2=BaC03 +C2H5.CO.C2H6. 

. In their action with oxidising agents the ketones resemble 
their prototype, and yield acids whose molecules contain 
fewer carbon atoms ; propione is resolved into acetic and pro- 
pionic acids, and butyroqe into propionic and butyric acids. 
CH3.CH2.CO.CH2.CH3 + 30 -CHg.COOH + COOH.CH2.CH3. 
By distilling mixtures of barium salts, mixed ketones are obtained, the 
fonnaticai of whidi suggested the pr^araticai of aldehydes by the bariiun 
formate method (WOliar^n, 1851). Methyl ethyl ketone, CH3.CO.C2H5. 
obt^edLircHn barium acetate and propionate, is a liquid boiling at 81* ; 

k^one, CH3.CO.CH2£t, horn barium acetate and butyrate, 
bdls at 103% and eihyl n-^propyl ketone, C^Hg.GOXHaBt, from bariiun pro> 
l>k«ate and Butyrate, boils at 123“. 

Genxian from Fren^ 
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In the oxiaation ot the ketones, the molecule is broken between^^^be 
carbonyl and one of the alkyl groups, because oxidising agents alwa]^ 
attack that part which already contains oxygen or other electronegative 
element. Methyl ethyl ketone yields carbon, dioxide and acetic and pro- 
pionic acids, when oxidised with chromic acid mixture, just as diethyl 
ketone gives propionic and acetic acids ; whilst ethyl propyl ketone 
**13 resolved into acetic, propionic and butyric acids, 

CH3.CO.CaH5 COa + COOH.C2H5 ; 

CH3.CH2.CO.C2H5 ^ CHa-COOH+COOH-CaHst 
CK3.CH2.CO.CH2.CH2.CH3. 

CHg.COOH+COOH.CHa.CHa.CHa-^ 2CH3.CH2.COOH 

The ketones condense with hydroxylamine and phenylhydrazine in 
precisely the same way as acetone, and the compounds thus formed are 
useful in isolating and characterising them. The hydroxylamine coin- 
pounds are known as ketoximes; it is only those ketones which contain 
a methyl group that form crystalline bisulphite compounds, but most of 
them unite with hydrocyanic acid, and several important S3m theses have 
been effected by means of this reaction ; that of citric acid (§ 165) may be 
mentioned. 

When redtced with sodium amalgam, best in moist ethereal 
solution, the ketones are converted into alcohols, which bear 
the same relation to secondary propyl alcohol as the ordinary 
alcohols to normal propyl alcohol. There is one of these 
secondary alcohols for every ketone, just as there is an ordinary 
alcohol for every aldehyde. 

R.CO.R'4-4. R.CHOH.R'. 

Ketone Secondary Alcohol 

Propione is reducible to secondary amyl alcohol, CaHj.CHOH.CjHg, a 
liquid of fusel odour, boiling at 117“, and methyl ethyl ketone yields 
secondary butyl alcohol, CH3.CHOH.CaH5, a similar liquid boiling at 100*. 

C2H,,C0.C2H5 C2H5.CHOH.C2H5 ; 

CH3.CO.CaH3 CH3.CHOH.C2H5. 

Many of these secondary alcohols have also been formed synthetically 
from lower aldehydes by the magnesium alkyl-iodide method (§93); .prot 
picnic aldehyde thus yields secondary butyl alcohol. 

R.CO.R' <-> R.CHOH.R^ RCHR^OMgl, 

The ordinary alcohols, in which* only one of the methyl 
hydrogen atoms is replaced by alkyl, are termed primary 
alcohols, and are distinguished by the presence of the 
primary alcohol group. 

.CH2OH 

The Frimaty Alcohol Grottg. • 

%e isomeric alcohols, homologous with secondary propyl 
akohol, in which two of the methyl hydrogen atoms are 
replaced, are turned secondary alcohols, and are 
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cliaracterised by the presence of the secondary alcohol 
group. 

;CHOH. 

The Secondary Alcohol Group, 

- . Like their prototype, the secondary alcohols are reconverted 
into ketones by gentle oxidation, and- are broken up by more" 
powerful oxidising agents. With this exception they re- 
semble the ordinary alcohols, and form salts with acids in the 
same way ; the boiling points of the secondary alkyl compounds 
are somewhat lower than those of their primary isorherides. 

The normality of the higher paraffins and their derivatives has teen 
established by a process of degradation, connecting them, through 
the related methyl ketones, with capric acid (§§45* 8i), the normal con* 
stitution of which has been established synthetically (§ 145). 

Calcium stearate is converted by distillation with calcium acetate into 
methyl hepiadecyl ketone, which is then oxidised by chromic acid mixture 
to acetic acid and margaric acid (§ 8i). Margaric acid is converted simi- 
larly into methyl hexadecyl ketone and palmitic acid ; palmitic acid into 
pentadecoic acid {§81); and so on, step by step, until the ten-carbon 
normal acid is reached. , 

As, these higher acids and ketones are reducltle to the corresponding 
paraffins by the hydriodic acid method (§ 78), the latter are also normal 
(Krafft, 1882). 

C.^H^a-COOH -> Ci 6H,3.CH,.CX}.CH, ■> C,nH,3-COOH; 

Stearic acid Methyl hep tadecyl ketone Mari^aric acid 

C,«H^a.COok G„H3 i.CHs.CO.CH3 -> C,=H3i.C00H; 

Margaric acid Methyl Jiexadecyl kiitone Palmitic acid 


C.o’HswCOOH -> C,H,3.CH3.C0.ai3 CH3.[CHJ,.CH3.C00H. 

Undecoicacid Methyl dccyl kcLone Normal capric acid 

95, Synopsis. — The . ketones are compounds which are iso- 
meric with the aldehydes. They differ from these in that they 
are oxidisable to acids containing fewer carbon atoms in the 
molecule, and are reducible to secondary alcohols which are 
isomeric with the ordinary or primary alcohols. They con- 
tain the ke tonic .group CO linked to two alkyl groups, and 
the secondary alcohols contain the characteristic group 
CHOH, similarly linked. 





CHAPTER XVIl 

THS FOUR BUTYL ALCOHOLS AND THEIR HOMOLOGUE3 

98 . Normal and Secondary Butyl Alcohols. — Whilst only one 
methyl alcohol and one ethyl alcohol are known, there are two 
propyl alcohols, and as the number of carbon atoms increases, 
the isomerism of the alcohols rapidly becomes very compli- 
cated. There ar® four butyl alcohols, and no fewer than eight 
amyl alcohols. 

The butyl alcohol corresponding with ordinary but3rric acid 
does not occur in nature, and is prepared synthetically from 
the acid, through the corresponding aldehyde. 

The aldehyde formed by distilling a mixture of calcium butyrate and 
f<^ate is convertetl into the alcohol by reduction with sodium amalgam 
in moist ethereal solution, and the alcohol is isolated from the product 
by successive conversion into the iodide and acetate, in the manner 
desCTibed under isopropyl alcohol. 

J^ritnary or normal butyl alcohol y CH3.CH2.CH2.CH2OH 
(Lieben and Rossi, 1869), is a liquid of slightly fusel odour, 
boiling at iiy*. . When gently oxidised it is reconverted into 
butaldehyde and butyric acid, an acid containing the same 
number of carbon atoms in the molecule ; it is therefore a 
primary alcohol like »-propyl alcohol, and contains the primary 
alcohol group, CH2OH. 

CH 3 .CH 2 .CH 2 .CH 30 H->CH 3 .CHj.CH 2 .CH(»<:H 3 .CH 2 .CH 2 .qOOH 

Secondary butyl alcohol, like secondary propyl alcohol, Qan 
be prepared by reducing the corresponding ketone, namely 
methyl ethyl ketone, with sodium amalgam (Friedel, 1869). 

ii was first obtained from secondary butyl hydrogen sulphate and 
butylene ($106), in the same way as secondary propyl alcohol from propy- 
lene, and may also be made from secondary butyl iodide md erytbritol 
{§ 1S8), id the same way as secondary propyl alcohol from glycerol 

Secondijuy butyl alcohol^ CH3.CH2.CHOH.CH3 (De Luynes, 
1863), is ji liquid at lob®. ^ It fonj^tke k^ual alcohoUc 
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derivatives, reacting violently with acetyl chloride, etc. WKeip 
oxidised with chromic acid mixture it is reconverted inters 
methyl ethyl ketone, which breaks up on further oxidation iiifcb ■ 
carbon dioxide and acetic and propionic acids, that is to say^; 
into acids containing fewer carbon atoms in the molecule. " 
Secondary butyl alcohol is therefore a homologue of secondary 
propyl alcohol, and contains the secondary alcohol group.. 
CH3.CH2.C00H + C02^CH3.CH2.CH0H.GH3 ■ / 

•-^CHa.COOH + COOH.CH3. 

Normal and secondary butyl alcohols are therefore position isoraerides, 
derived from normal butane. The normal alcohol is butane in wbiph 
hydroxyl is substituted for a hydrogen atom of a terminal or methyl 
group, whilst in the secondary alcohol the hydrogen of a median or methy? 
ilene group is replaced. Normal butyl alcohol is propyhmethyl alcoh^ 
and corresponds with normal propyl or ethyl -methyl alcohol ; secondary 
butyl alcohol is methyl-ethyl -methyl alcohol, and corresponds with 
secondary propyl or dimethyl-methyl alcohol. 

CH3.CH,.CH,.CH,0H or Pr.CH^OH 

Normal butyl alcohol. 

CH3.CH2.CHOH.CH3 or £®>CH0H 
Secondary butyl alcohol 

97, DsobufyJ AicohoJ and Liobutyrfc Acid. — Besides normal and 
secondary butyl alcohols, there is a third, ^natural alcohol, 
wliich is formed during alcoholic fermentation (§172). 

It constitutes about 6 per cent, of ordinary fusel oil, and is obtained in 
a pure state by roughly fractionating the oil, and converting the appro- 
priate fraction into the iodide and acetate, the latter of which is then 
fractionated and hydrolysed. ^ 

CH 

Jsobutyi alcoholy* qjj®^CH.CH 20H (Wurtz, 1852), is a 

liquid which boils at 108°, and resembles syringa flowers in 
odour. .In its chemical behaviour it resembles ethyl alcohol ; 
it is convertible into a sodium denvativCt acetaiey iodide^^,^ 
and when oxidised yields an acid having the composition of 
butyric acid, and closely resembling that substance. 

But further investigation shows that there are material 
difierences in properties, and that the acid is isomeric and no^: 
identical with butyric acid. 

CH # 

Isohuiyyic acid^ ^jj^]>CH.COOH (Redtenbacher, 1846), 

which was first obtained from tbe carob bean, is an oily liquid 

• I|obutyI alcohol is not a true homologue of isopropyl alcohol, 

from it ; the sjpiilarity of the names is^apt to cause conifu^c^^i 
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of- butyric odour, boiling at 154°, Unlike butyric acid it is 
oidy sparingly soluble in water, from which it may be salted 
out by sodium, chloride ; its calcium salt,*unlike calcium 
butyrate, is more soluble in hot than in cold water. 

Finally it is oxidised by chromic acid to carbon dioxide and 
acetid acid, whereas normal butyric acid is practically un- 
afiected. The dissociation constant of isobutyric acidj 
K =0-0014, is nearly identical with that of w-butyric acid. 

The corresponding aldehyde, isobutaldehydcy a liquid 

boiling at 64®, maybe obtained in the customary manner, either by distilling 
the calcium salt of the acid with calcium formate, or by cautiously oxidis- 
ing the alcohol with dilute chromic acid mixture. It is quite distinct 
from butaldehyde, which boils at 74° ; and is reconverted into isobutyl 
^cohol by reduction with sodium amalgam. , 

As isobutyl alcojiol is converted by oxidising agents into an 
acid containing the same number of carbon atoms, it is a 
priirfary alcohol, and contains the primary alcohol group, 
CH2OH. Similarly isobutyric acid, as a typical acid contains 
the carboxyl or acid group, CO OH. The difference there- 
fore lies in the propyl radical. 

Normal butyric acid is proved by the cyanide synthesis 
to be propyl-formic acid, CH3.CH2.CH2 — COOH {§64), so 
that «-butyi alcohol is propyl-methyl alcohol, CH3.CH2.CH3 
— CH2.OH ; and as fhere are only two sets of propyl com- 
pounds, isobtityl alcohol must be an isopropyl derivative (§ 92). 

CH.CH2OH ^ ™ 2 >CH.CHO -> p^^^CH.COOH. 

Isobiityl alcohol - Isobutaldchyde Isobutyric add 

Therh is no other possibility of isomerism, and isobutyric acid should 
therefore be formed by the cyanide synthesis from isopropyl alcohol, in 
the same way as ordinary butyric acid from normal propyl alcohol. As a 
matter of fact, the nitrile which is obtained on boiling isopropyl iodide with 
alcoholic potassium cyanide, is identical with isobutyronitriUt and yields 
on hydrolysis an acid, identical with the isobutyric acid from fusel oil 
(Erlemneyer, 1867 ; compare § 145). 

^§^>CH.CN -> ^g^>CH.COOH 

Isopropyl iodide Isopropyl cyanide Iso^ropylfonnic acid 

Isobiityl alcohol and isobutyric acid are derivatives of iso- 
butane, mid are branching-chain compounds. It is noteworthy 
that the branching of the chain is associated with lowering of 
the boihng-point, as*shown in the following table. 
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CH3.CH3.CH2.CH3 CH3.CH2.CH2.CH2.OH CH3.eH2.CHj.CQOU 

Normal butane ( + j*>. Kormal butyl akohol (iit*). Nomal butyric acid n » 

C ^y'>CH.CHj,OH ™».CH.COOH 

Isobutaae ( - ff). Isobutyl alcoboi (io3^. Isobutyric add (154*). ; , 

98 . Twtiar; Botyl Alcohol — The existence of the fourth butyl alcohol 
(preshadowed by the same reasoning which led to the recognition of t^h- 
secondary alcohols (Kolbe, x86o; §92). , The primary and seeonda^ 
alcohols being mono* and di-alkyl-derivatives of methyl alcoboM§ 94 li' 
there should be tri-aUcyl-derivatives or tertiary alcohols, of which the 
simplest must be trimethyl-methyl or tertiary-but yl alcohol, CMes-OH. 

Tertiary butyl alcohol can be made from acetyl chloride and zinc methyl 
by a modification of the acetone synthesis (§91), but is best.THrepared 
by the magnesium-alkyl synthesis (§92). Dry acetoue (i inol.| m> 
methyl acetate (4 mol.) is added to an ethereal solution of magnesium 
raethiodide (i moL), and an additive compound is formed from which 
tertiary butyl alcohol is set free by dilute sulphuric acid (Grignaidj 
1900 ; see also § 99). The alcohol is purified by fractionation. 

^g^jCO+MgMet 

Tertiary^utyl alcohol, CMe^.OH (Butlerow, 1862), is a crystalling solid 
resembling camphor in- odour ; it melts at 25'’, and boils at 83“, and is thus 
more volatile and more easily solidified than its isomerides with , longer 
carbon chains. 

Tertiary-butyl alcohol forms a sodium derivative, and an acetate, iodide, 
etc., so that its alcoholic nature is undoubted, but when oxidised with 
chromic acid mixture it breaks up altogether, yielding carbon dioxide and 
acetone, together with acetic acid from the oxidation of the lattw. As no 
acid or ketone containing the same number of carboii atoms can be isolated 
from the product, the alcohol is neither a primary nor a secondary alcohol. 

Theory indicates that it is atrimethyl-derivative of mej^yl alcohol, and 
the synthesis from -acetone fully confirms this view. Tertiary butyl 
alcohol therefore contains the tertiary alcohol group. 

Tertiary Alcohol Group. ‘ 

The tertiary butyl radical, CMe3, bears the same relation to the isohutyt 
radical, CHg.CHMej, as the secondary butyl radical, CHMeEti to the 
normal radical, CH2.CH2Et. 

99 . The Amyl Aleohols and Valerie Aclds.^ — As the two propyl alcohols give 

rise to four btityl alcohols and two butyric acids, it may be expected that 
the four butyl icohols will give rise to a still larger number of amyl alco- ’ 
hols and valeric acids. There are .in fact four primar/ amyl aldohdls* 
and therefore four valeric acids^ and in addition to these there are th^ 
secondary amyl alcohols, and one tertiary amyl alcohol. ' 

Nonnai amyl alcohol, CH3.CH2.CH2.CH2.CH2. OH, and normal V 3 d$tic 
acid, CH3.CH2.CH2.CH2.COOH, do not occur in nature, and are~ pre- 
pared s)mthetically from normal butyl alcohol by the . cyanide method 
iUeben an^ Roesi, 1871). 

■ — — — ^-1 

^ This' group should be carefully distinguished from Hie aldehyde'gn^’ >' 
M wM^ the carbon atom is Hnked to one other carboa.4t(U&^ 
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ThQ amyl alcohols are two primary alcohob occurring In fusel oil 
il 45l» of which they constitute about one-third by volume. The main 
fraction obtained from dry potato-spirit oil boils fairly Constantly at 130- 
132*’, and was long thought to be a chemical individual^ and termed 
amyl alcohol (Dumus, amylum =* starch). But the specific rotatewy 
power of this sdcohol varies with diff^ent specimens, and as the rotatory 
power of a pure substance (§ 139), like any other property, is c<Mistant, it 
follows' that the fusel alcohol is a mixture. ^ • 
rn mmft Tcial amyl alcohol is resolved into its two constituents by frac- 
tionally crystallising barium amyl sulphate from water. The less soluble 
salt yields on hydrolysis an alcohol, which is optically inactive, whilst the 
alcohol from the m’ore soluble active salt remaining in the mother -liquor 
has a coiKtant rotatory power ( Pasteur, 1855). 

permentaiion, inactive or isoamyl alcohol^ CHMe2.CH(;.CH20H, which 
constitutes about 25 per cent, of potato fusel oil, is a liquid of rank, pene- 
trating odour, which boils at 131®. Its constitution follows tom its 
oxidation to the corresponding acid. Isovaleric acid, CHMe2.CH2XOOH, 
is an oily liquid of very clinging and unpleasant odour, which occurs natu- 
rally in the root of the lesser valerian ; it boils at 175®. The constitution 
of isovaleric acid as an isobutyl derivative follows from its synthesis from 
isobutyl alcohol by the cyanide method (Erlenmeyer, 1870). 

Active amyl alcohol, CHMeEt.CH20H, is an optically active, but other- 
wise similar liquid, boiling at 131®; its constitution follows from iU 
oxidation to the* corresponding valeric acid. A dive valeric acid, CHMeEt. 
COOH, is an oily liquid, boiling at 177®, and its constitution as methyl- 
ethyl-acetic acid is proved by its synthesis from acetic acid by the aceto- 
acetic method (1 145). 

The fourth primary amyl alcohol and corresponding valeric acid are 
derived from tertiary butyl alcohol. Trimethylacetic acid, CMeg-COOH, 
a crystalline substance, w^ich resembles acetic acid in odour, is made 
from tertiary butyl iodide by the cyanide synthesis ; it is also formed 
by oxidising trimethylacetone ( § 92) with chromic acid mixture. TrimethyU 
carbinoU CM^.CHgOH, is a crystalline substance, which is formed by 
reducing the acid chloride with sodium amalgam. 

The secondary amyl alcohols, which are all liquid substances, can be 
made by reducing the corresponding ketones (§ 94), and in other ways 
{see below).' Their names and formuhe are as under. 

CH3.CHj.CHa.CHOH.CH3 CHa.CHj.CHOH.CHa.CH3 CHMea.CHOH.CH3. 

Methyl-«-propylcvbiaol. DiethylcarbiuoL Methyl-isopropylcarbinol. 


Tertiary-amyl alcohol, CMe2Et.OH, is a liquid of camphor odour, boiling 
at 102®. It is formed from propionyl chloride and zinc methyl, or from 
methyl ethyl ketone or ethyl propionate, and magnesium methiodide, 
in an analogous manner to tatiary butyl alcohol 
T^e amyl alcohols and their derivatives are thus substitution pro- 
ducts of the three pentanes, built on three distinct nuclei. 


>C-C-C 


>c< . 
C c 


• j; Normal Iso. Tertiary, » 

As ^e series is ascended, and the possibilities of branching become 
great^^ it is ob'vious that the isomerism must become v^ complex. 
Thera ^uld be ei^t primary, six secondary, and three tertiary hexyl 
alc^<^. th^ iourtteien have been prepared. Thirteen of the 
heptyl alcbbMilg, apad nine of the octyl alcohc^ are known, ami there is no 



122 Organic Chemishy [lOQ. 

doubt that'very many more could be made. Above this p^t the iso* 
moism of the alcohols has been little investigated. 


A very convenient method of preparing the complex higher alcohols, is 
afforded by the magnesium alkyl synthesis (Grignard), the secondairy 
alcohols bein| made from the aldehydes (§ 92), and the tertiary alcohol^ 
from the ketones or esters (§98). Such compounds as dimethyl-xi-propyU 
carbinol [tertiary kexyl alcohol), CMePr.jOH, ' b.p. 124“, and the corfcT 
spending diethyl compound ^lerliary octyl alcohol), b.p. 159®, have been 
made in this manner from ethyl butyrate. 


R.CHO + MgR'I 
Aldehyde Alkiodide 

R.COOEt + 2MgR'I 
Hstcr Alkidihde 


R.CH(OMgI).R' 

Metallic compound 

R.CR'(OMgI).R' 
Metallic compound 


R.CHOH.R' 

Secondary alcohol 




R,CR'(OH).R' 

Tertiary alcohol 


100. Synopsis.~In addition to the primary and secondary 
butyl alcohols analogous to propyl and isopropyl alcohol, theife 
are t^o more, together with a related acid, derived from 
isopropyl alcohol, and built on a branching chain carbon 
nucleus. All alcohols are either primary, secondary or ter- 
tiary derivatives of methyl alcohol. The primary alcohols are 
oxidisable to aldehydes and acids containing the same number 
of carbon atoms, the secondary alcohols to Jketones, whilst the 
tertiary alcohols break up when oxidised. 
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CHAPTER XVIII 


THE HYDROCARBONS AS THE BASIS OF CLASSIFICATION ^ 

101. Th* Hydrocarbons as the Basis of dasslfleatton.— The paraffina .form a 
very valuable link between the various classes of compound^. Hie 
merism of the butyl and amyl alcohols, although accounted for by theic 
relation to methyl alcohol, is much more concisely expressed by reference 
to the position of the hydroxyl group in the two butane and three pen^ 
tane chains {§ 8o). The modem s]rstem of classification is based on this 
principle, the alcohob and their derivatives being regarded as substitution 
products of the related hydrocarbons ( §§ 75, 77). 

Methyl alcohol, CH3.OH, is hydroxy-methane ; ethyl alcohol, CH3.CH3” 
OH, is hydroxy-ethane; normal propyl alcohol, CH3.CH2.CH3OH, is o- 
hydroxy-propane ; and isopropyl alcohol, CH3.CHOH.CH3, is ^-hydroxy- 
propane, The four butyl alcohols arcTespectively a - ^d ^-hydroxy-huiam, 
and a* and ^-hydroxy-isobutane. Acetone may be termed keio-propane, 
and the two normal five-carbon ketones respectively a. and fi-keto-pen- 
tane. * 

The operations involved in converting the natural paraffins into any of 
their derivatives are difficult and tedious (compare Benzene), but this does 
not lessen the value of the system, which lies in referring all types of com- 
pounds to the simplest. 

102 . lutenuittonal Nomenfilature. — -To provide names few all classes of (im- 
pounds on this plan, an International system of nomenclature has been 
devised (Geneva Conference, 1892), in which the stems of the names 

• represent the parent hydrocarbons, and the substituted groups are indi- 
cated by suffixes or prefixes. Alcohol is eihanot ; aldehyde is ethanal ; 
acetic acid is ethanoic acid ; and ethyl chloride is cklorethane. 

Position isomerides, such as the propyl alcohols, are distinguished by 
numerical prefixes. Normal propyl alcohol is i-propanol, and its isomeride 
z-propanoh the «o:bon atoms being numbered from the end of the 
chain— * 

(I) (a) (3) 

CH3.CHOH.CH,. 

The ketones are distinguished by the suffix one. Aoetonfe, CHs.CO.CBjfg, 
is propanone; propione, CH3.CHa.Cp.CH2.CH3. is ^-pentanonei whilst 
the metameric methyl-propylketone, CHa.CO.CHa.CH2.CH3, is a-/w- 
tanone. 

The chain js(Mnensm of the butanes and their derivatives is indicated 
in a s i mil a r manner, the branching cham ccxnpounds being classed ^ 
aU^l ^rivatives of the longest carbon chain in the Tsti]i>niahjS 

is. t-mdhyl-propane, CH3.CHMe.CHa ; fcbbntyl alcohol is 
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propandf CH3.CHMe.CH;t0H ; and isobutyric acid, CH3.CHMe.COOH, is 
2'mahyy^TOpanoic add. Tertiary butyl alcohol is i-methyl-^^propanolt 
CB^.CM€0H.CH3. 

The amides, nitriles, and amines also take their names from the related 
hydrocarbons. Acetamide is eihanamide, acetonitrile is etfutM-ntirUet and 
ethylamine is aminoffthane* 

102k. Ap^ictUon ot Genera Vomenelatare to Complex Sotetthttloo Predneti.*^ 
The intemational nomeadature is convenient in its application to the 
more complex aliphatic compounds, as it provides names which at once 
indicate the chemical structure, and thus, to a large extent, the properties 
of the substance. 

Whilstthe chbracetic adds merely become cklorethanoic odds, chloral 
is trichlorethanai, and butyl chloral, i'Z-ylrichlorbtUanol, Glycol with 
its aldehyde, and add become ethanedioU ethanolaU and efUnoltc acid : 
glyoxal and glyoxylic add are cthanedicd and ethanaiic add ; whilst oxalic 
add is dho/neduno acid. 

Glycerol is i^i-z^Pfopandrial \ glycorose, propantdiolalt and glyceric 
add, propane-z-ydiolic acid. Allyl alcohol with its aldehyde and add 
are propmal and propetadc acid^ whilst the compounds of the 

propargyi group are similarly derived from propine. 

“lie lactic acids are respectively Z'^ropanolic and ypropanolic acid, and 
acetoaCetic add is add. 

Malonic and succinic acids are propanedioic and hutamdioic acUs. 
maleic and fuinaric acids being the corresponding bttienedioic compounds. 
Malic and tartaric adds become butanoldioic and butanedioldioic acids, 

■ Glucose is hexanepenioiah whilst mannitol and sorbitol are hcxane'hexols, 
Bnd fructose. htxanepentoUme. 


i- ^ — ' ; ^ ..-I.— i>.. 

t this Section should be deferred until these complex 

, pfodaets have been studied^ tt h placed here for 00a- 
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h Derivatives of Methane. 



H 

1 

H— C— , 

u 

methanal 

(formaldehyde. 


H 

H 

1 

H-C^B 

1 

H-C-| 


1 

H 


methanol 

methane 

methanoic acid 

(methyl alcohol) 

Lo 

carbon diox de 

(formic acid) 


H 

H~C-H 

H-i-H 

A 

athaiio 


11. Derivatives of Ethane, 
H * H 


H-C-H 

I 

0-H 

ethanol 

(alcohol) 


1 

H-c— a 



ethanal 

(aldehyde) 


11 

1 

H~C-H 



ethanoic acid 
(acetic acid) 


III, Derivatives of Propane. 

H H H 

H— 41/ — ^ — 0— H 




H H H 

H-U-i-O-H 
I I I 

H H H 

1‘Propano! 
(propyl alcohol) 


H H 
jiropaiie 

H H 


H I — 0 

:-tXl 


H H H 

i da V 

a*propat|ol 
(isopropyl alcohol) 


H-C- 
H H li 

propanal 

(propaldehyde) 


H H 1—0 
H-C-C-C J 

A U-H 

propanoic acid 
(propionic add) 

H 

Vi 


H 


H' 


propanone 

(aoetooe) 
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IV, Derivatives of Butane., 

H B B H 


H H H H 

MM 

h-^c-c-c-c-o-h 

nu ‘ ^ 

1 -butanol or a-hydroxybutane 
^normal butyl alcohol) 


I M 1 

B H B H 
butane 

H H H , — 0 H H H 1 — 0 

u-LU-U H-i-U-U 

butanal 
(butaldehyde) 


H H L 
butanoic acid 
(b«tyric \icid) 


H H H H 

I M I 

H-C-C-C-C~H 

I M- ! ■ 

H OH H H 

a-butanol or js. hydroxy butane 
(secondary butyl alcohol) 


H- 


•H 


H H H H 

-t,U4- 

iOi i 

butanone 

(methyl ethyl ketone. 


V. 

Derivatives of Isobutane, 

H 

H-C-H 

H 1 H 

» L 1 

H-C-C-C-H 

^ ^ B 
tnethylpropauQ 

(isobutane) 


H 

H 

H 

1 

H-C-H 

1 

H-C-H 

Jib- 

1 [ 1 

H 1 H 

? 1 1 ^ 

if 1 

H-~c-c-c^o-n 

III 

H-C-C-C — ' 

1-1 1 

ii i H 

1 1 

H H y 

1 I 1 

H H 0-H 

a^methyl-i-propanol 

methylpropanal 

melhylpropanoic 

or <^hydroxyisobutane 

(isobutaldehydc) 

acid 

isobutyl alcohol] 

(isobutyric acid 


H 


H-c!:— H 
H I H 



»-methyl-2-propanol 
« p-hydroxyisobutane 
(tertiary butyl 



SECTION V 

THE UNSATURATED HYDROCARBONS. 

CHAPTER XIX^ 

THE OLEFINES 

103 . Ethylene. — Before proceeding to the more complex 
aliphatic compounds, we must consider two series of hydro* 
carbons, the olefines and acetylenes, which are closely i^lated 
to the paraffins, although very different in properties. ' 

Ethylene, the first of the olefines, is usually made by heating . 
alcohol with concentrated sulphuric acid at i8o^ (Deiman, 
1795)> but as sulphuric acid chars and oxidises organic matter 
at this temperature, producing much sulphur dioxide and 
carbon dioxide, it is better to use orthophosphoric acid (Newth, 
1901), The initial product is the acid ester (§| 25, 26), 
which at the high temperature is soon decomposed. 

CaHj-HSOt^CaHi +HaSO;, , 
CaHg.HaPO^^CaHi+HaPO*. 

Syrupy phosphoric acid is boiled down in a small distilling flask ucth 
Its temperature reaches 200”, wheit alcohol is slowly added as in preparing 
ether (| 26), the temperature being maintained at 200-220®. Ethyl«ie is 
rapidly evolved, and once the alcohol supply is adjusts, the action coo* 
tinues for days, the acid re;naining unchanged. The gas is separated 
frMu alcohol and ether vapours by cooling to 0®, or washing sucoes^wfly 
with water and concentrate sulphuric add. ^ 

Ethylene is similarly formed when ethyl bromide or iodide 
is with alcohplic potash, the haloid losing its haU^iSEa, 
inst^ of exchan^ng it for hydroxyl as In the action 
aqueous pot^. The halogen acid is also read^ withdcayrn 
by passing ^vapour of thejialide over red-hot laodarliiM^S:^' 
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less, insoluble gas, having a sweet odour and taste j the 
liquefied gas boils at — 103°, freezes at — 165®, and hasaspecific 
gravity of 0'6i. 

104, Additiye Compounds ot Ethylene.— Whilst the paraffins 
act only by substitution, and do not even form molecular 
compounds, the olefines, of which ethylene is the type, form 
many additive combinations. Ethylene combines directly 
with hydrogen, when passed with it over reduced nickel 
at 140-150° (Sabatier, 1897), and is thus converted into 
ethane ; it forms ethyl chloride when mixed with hydrogen 
chloride gas, and ethyl iodide when passed into fuming hydri- 
odic acid : it is rapidly absorbed by concentrated sulphuric 
acid at 170'', or by the fuming acid at ordinary temperatures, 
forming ethyl hydrogen sulphate, and in this way is easily 
reconverted into alcohol (Hennell, 1826), 

C2H4 +H2=G2H8 ; C2H4 +Ha=CaH5a ; 

C 2 H 4 +H:iS0i^CaH5.HS04^->C2Hs.0H. 

Ethylene is much more easily oxidised than the paraffins ; 
it is converted into aldehyde, acetic acid and oxalic acid when 
shaken with chromic acid mixture, and into glycol (§120) by 
cold alkaline permanganate. The latter interaction aSords a 
very characteristic test for ethylene and its numerous deriva- 
tives (Baeyer, 1894). The compound is shaken with dilute 
potassiuna permanganate made alkaline with sodium car- 
bonate, and the permanganate is instantly decolorised with 
separation of brown, hydrated manganese dioxide. 

^ CH3.CHO -> CH3.COOH -> COOH.COOH; 

C3H4 + H20-|-0=C2H4(0H)2. 

A most characteristic action of ethylene is its direct com- 
bination with halogens. When shaken with bromine water, 
the bromine is at once decolorised, the solution acquiring a 
sweet odour like that of chloroform j the additive product to 
which this odour is due is readily prepared in quantity. 

CH2;CH2 +Brs. « CHaBr.CHjBr. 

Purified ethylene is passed into bromine beneath a layer of water, in a 
large which is occasionally well shaken; heat is evolved, and the 
brominais gradually converted into a heavy, colourless liquid; this is 
purified by shjiking successively with dilute alkali and water, and is dried 
with calcium chloride befOTe rectification. 

Ethylene Iromide, GHaBr.CHjBr (Balard, 1827), is a liquid 
i^iCabUng chloroform ; it boils at 132°, freezes at 9°, and has 

£ 
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a specific gravity of 2-19. Ethylene chloride ^ CHgCLCH^Cl 
(Deiman, 1795), the first compound of this class prepared^ is a 
simiiaT liquid, boiling at 84*^> which collects in oily drops 
(Dutch liquid), when its constituent gases are mixed in a large 
flask ; hence the name olefiant gas. 

The molecular formulae of these halogen rompounds not follow . 
‘from the vapour densities, but can also be deduced froi^ considerations of 
valency. If the molecular formula of ethylene were CH2, that of the 
saturated bromide would be CH2Br2, or carbon would not be quadrivalent. 
But this formula does not agree with the analysis, and that of the hydro- 
carbon must therefore be at least C2H4 ; for the same reason it cannot be 
greater than this. 

Ethylene bromide and chloride are formed by the direct 
addition of bromine to the hydrocarbon, and are additive 
compounds, like aldehyde-ammonia. The ethylene behaves 
as a bivalent radical, and combines with the halogen in the 
same way as a bivalent metal such as mercury. Conversely, 
when ethylene bromide vapour is passed over hot zinc dust, 
it is reconverted into the hydrocarbon, just as mercury is 
expelled from its salts by more positive metals. 


CH2Br.CH2Br + Zn =CH2;CH2 ZnBia. 


105 . Constitution of Ethylene ; Saturated and Unsaturated Com- 
pounds, — Ethylene bromide is isomeric with the ethylidene 
bromide, which is formed by the action of - phosphorus penta- 
bromide on aldehyde. According to the structural formula p# 
ethane (§ 77), there should be tsvo dibrom-ethanes, C2H4Br2, 
of the constitution CHs.CHBra and CH2Br.CH2Br; as the 
first of these represents ethylidene bromide (§ 84), the second 
must represent ethylene bromide. 

Compounds such as ethylene and aldehyde, which combine 
directly with others, are termed unsaturated com- 
pounds, and are sharply distinguished from saturated com- 
pounds such as ethane and alcohol, from which one or more 
subsidiary atoms must be displaced before action can occur. 
Several structural formulae can be devised representing this 
unsaturated character of ethylene : 
n li H u 

11 i I 

H— C-C-II H_c=.c-H 




H II 


Fiee Valencies 
Symmetrical 


Double linkage 
Symmetrical 


Fme.Valenciei 



io6] Th^ Olefines,^ 131 

but a study of its homologues shows that only one of these is 
available, namely the second, symmetrical formula. 


There is only one methyl-ethylene 3uod one ethyl-cthylene (J 106), 
whereas, accortog to the third, unsymmetrical formula, there should 
be two sets of siMjh derivatives. The first formula with free valencies 
caimot be adopted, for methyl-ethylene should then exist in two isomeric 
forms— ^ 


H H H 

k ‘ ' 


H H H 

! X I 

H-C-C-C-H 

'll ’ 


UnsymmetneaL 


Symmetrical. 


the formul® of which would difier in the positions of the free unsaturated 
valencies ; but only one propylene is known. 

There is also abundant evidence that in the compounds formed by tiie 
addition of bromine to the homologues and analogues of ethylene,, the 
bromine is always added to adjacent carbon atoms (compare § laoj. 
Unsaturated carbon atoms occur almost invariably in pairs ; there is never 
an odd nuq^er of such atoms in a hydrocarbon molecule. 


Ethylene is thus represented by a formula 


n— c=c— H, 

Structural Formula of Etliylene. 

in which the carbon atoms are connected by a double linkage. 

The apparent paradox that molecules containing a double linkage are less, 
stable than those containing only a single linkage is discussed later (§288). 
13^ ready oxidabihty of ethylene is primarily due to the ease with which 
it, Ib«as additive products. With acid oxidisers, which usually act also 
as. hydrating agents, the initial product is probably alcohol, which is con- 
verted into aldehyde, acid, etc., according to the energy of the oxidation. 
Similarly glycol (| 120) into which ethylene is converted by cold, dilute 
alkaline permanganate, is rapidly oxidised to oxaUc acid by the aime 
agent at a higher temperature and in a more concentrated form. 

The instability towards oxidising agents of molecules containing the 
double linkage is thus the direct result of the tendency of this linkage to 
revert to the single form (§ 288). 

106, The Olefines. — The first homologue of ethylene is methyl- 
ethylene or propylene: Propylene is made in the same way as 
ethylene, but both from propyl and from isopropyl compounds. 
It is conveniently prepared by boiling a saturated solution of 
zinc chloride in isopropyl alcohol, but can also be made by 
boiling fwropyl or isopropyl iodide with alcoholic potash. • 
CH 3 .CH 0 H.CH 3 r=CH 3 .CH:CH 2 +H 30 . 

CHa.CR3.eH2t^H3.CH:CHj-eCH3.CHI.CH3 

Tl^ tower ceoapQund, mahyUnSt CH3, which might be expected, is im- 
known.' Wh^ methylene to^de, CHtIa, h^ed with metallic zioc or 
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copper, ethylene itself is formed, just as ethane is obtained on attempting 
to prepare free methyl. 

zCHJa-f 4Cu =CH2:CH3+ aCujIa. 

Similarly ethylene itself is produced by the action of sodium on ethyli- 
dene chloride, instead of the isomeric ethylidene, CH3.CH=, which might 
be expected. The failure of all attempts to prepare such compounds tvith 
free valencies is strong evidence for the doubly -linked formula of ethylene. 

Propylene^ CH3.CH:CH2 (Reynolds, 1851), is a gas which 
resembles ethylene, and condenses to a colourless liquid at 
— 50°. It combines with bromine in the same way (§ 104) ; 
propylene bromide, CHs.CHBr.CHaBr, is a liquid which boils 
at 141^ and resembles ethylene bromide. 

Propylene also combines with sulphuric and hydrochloric acids, but 
instead of primary propyl compounds, secondary compounds are formed. 
Propyl alcohol may in this way be converted into secondary propyl alcohol. 

In the same manner, and probably from the same cause, propylamine 
and its higher homologues yield mainly secondary alcohols when hydrolysed 
with nitrous acid. 

-> CH ,.CH:CH, CH^.CHIO.SO^l.CHa 
CH;iXHOH.CHj-<— I 

Isobutyl alcohol can be converted into tertiary butyl alcohol in a similar 
manner, and the same action occurs with the higher homologues of ethyl- 
ene, primary compounds being thus converted into secondary, and 
secondary into tertiary compounds. 

When hydrogen chloride gas is passed into boiling amyl alcohol in 
presence of zinc chloride, a quantity of secondary amyl chloride is formed 
along with the primary chloride, from the intermediate formation of 
amylene ; the function of the zinc chloride in the preparation of ethyl 
chloride {§ 23), would thus seem to be, in part at all events, to induce the 
formation of ethylene. 

Owing to the recurrence of position isomerism, the isomerism of the 
higher homologues of ethylene is more complicated than that of the 
paraffins. There are three butylenes, and a mixture of these easily con- 
densible gases can be isolated from the liquid which condenses on com- 
pressing oil-gas (Faraday, 1825). 

EihyUihylene, CH3.CH2.CH:CH2, from normal butyl alcohol, boils at 

5 *^' Symmetrical dimethyl'ethylene, CH3.CH:CH.CH3, from secondary 
butyl alcohol, boils at 1°. Isobutylene or unsymmeirical dimethyUethylene 

isobutyl and tertiary butyl alcohols, boils at—6^ 

The butylenes readily form dibromides, and are converted by sulphuric 
acid, etc., into secondary and tertiary butyl compounds. 

Apart from their unsaturated , character and consequent chemical 
activity, the higher homologues of ethylene are physically like the par- 
affins, either light Uquids or wax-Uke soUds, according to their molecular 
^ weight. They occur in small amount in petroleum and coa^ar oil ( § 343) 
land are separated from the paraffins and other hydrocarbons by shaking 
sulphuric acid; with which, like « ethylene, they combifie. 
alkyl hydrogen sulphates. 
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The ethylene hydrocarbons axe known as olefines^ i.e. homo- 
logues of olefiant gas (Guthrie, i 860 ) ; they are necessarily 
polymeric with the unknown methylene, and can consequently 
be represented by the general formula 

107 . Snbstttation Products ol the Oleflues. — Besides additive compounds, 
which are saturated paraffin derivatives, the olefines form a variety of 
substitution products, although rarely by direct action. When ethyleue 
bromide is boiled with a solution of caustic soda in moderately strong 
alcohol it loses an equivalent of hydrogen bromide per molecule, and is con* 
verted into an unsaturated compound, monobrom-ethylene. The vapour 
is passed into ice-cold alcohol, and on pouring the solution into a large 
volume of ice-water the brom-ethylcne separates as a heavy liquid. 

CHiBr.CH^Br+NaOH=.CH,;CHBr+NaBr+HjO. 

Brom-ethylene or vinyl bromide, CH2:CHBr (Regnault, 1834), is a volatile 
liquid, which resembles ethyl bromide, but boils at 23°. It is distinguished 
sharply from the paraflfip derivative in rapidly decolorising bromine, with 
which it forms an additive compound ; bromethylene dibromide is a liquid 
which boUs at iSS'’, and resembles ethylene bromide. 

The hydroxy-compound corresponding with vinyl bromide is unknown 
in the pure state, and cannot be prepared by the usual reactions. When 
the bromide is heated with lead oxide and water, an agent which usually 
effects the replacement of halogen by hydroxyl, the isomeric acetaldehyde 
is formed, doubtless by molecular rearrangement of the transiently formed 
hydroxide. Vinyl alcohol, CH^jCHOH, is present, however, in crude ether, 
and some of its derivatives are known. 

CH.iCHBr ^ CH,;CH0H CH 3 .CHO. 

The crystalline compound, CsHrjNaO, which is obtained by the action 
of sodium on acetone (preferably dissolved in dry ether) is probably 
sodium meihylvinyloxide, CH3.C(0>ra):CH2 ; it is at once reconverted into 
acetone by water (compare § 144). 

CH3.CO.CH3 ^ CH3.C(0Na):CH, ^ CHa.C(0H);CH3 

t \ 

There are necessarily no derivatives of ethylene itself corresponding with 
aldehyde and acetic acid, but its higher homologues, containing alkyl 
radicals, give rise to series of unsaturated alcohols, acids, etc., such as 
allyl alcohol, CH2:CH.CH20H ’(§ ei seq.). Mesityl oxide, the- fixst 
condensation product of acetone (§ 8g), is isopropylidene-acetone {tnelhyU 
pentenone, §§ toi, nr), CH3.CO.CH:CMe2 ; phorone, the second conden- 
sation product, is the corresponding di-isopropylidene-acetone [dimethyl- 
keptadienone), CMea;CH.CO.CH:CMe2. 

108. Synopsis. — olefinic hydrocarbons are formed by 
decomposition of alkyl hydrogen salts, and by the action of 
alkalies* on the alkyl halides. They are distinguished from 
paraffins by forming additive compounds with bromine, and 
decolorising alkaline permanganate ; and on this account 
are termed unsaturated hydrocarbons. The unsaturated 
condition is symbolised by a double linkage connecting 
adjacent carbon atoms. 





CHAFfER XX 

THE ACETYLENES 

109. Acetylene. — ^The hydrocarbon acetylene was ori^ally 
obtained by the action of water on potassium carbonyl 
(§ 305)> the black, explosive bye-product in the manu- 
facture of potassium. It was afterwards observed, to be 
formed from gaseous hydrocarbons by sparking, or imper- 
fect combustion (Berthelot, 1867), and is produced in this way 
when a Bunsen flame is allowed to burn in its air-tube, or 
air is burned in an atmosphere of coal-gas. 

Acetylene is generated in larger quantities by the prolonged action of 
alcoholic potash on ethylene bromide, as the vinyl bromide, which is 
initially formed, loses a second equivalent of hydrogen bromide ; the 
debromination is more quickly effected by passing the vapour of the 
dibromide over red-hot soda-lime, as in making ethylene' from ethyl 
bromide. , ■ , 

CHaBr.CH.Br + aJIaOH CH .CH -I- aNaBr aH.O, 

Acetylene is also produced when iodoform is heated with a mixture of 
reduced copper and zinc dust ; and it is formed by direct synthesis from 
its elements when an electric arc is maintained between, carbon terminals 
in an atmosphere of hydrogen (Berthelot, 1868). The yield, however, is 
very small in both cases ; and the product of direct synthesis is largely 
methane. 

aCHl3-H jZu « C.IL -J- 3ZnI„ 

The best way of making the hydrocarbon is by synthesis 
from carbon and water. When coke is fused with lime in an 
electric furnace, calcium carbide or acetylidct CaC2, a grey 
semi-crystalline solid, is formed (Moissan, 1894), which is 
hydrolysed by water, at the ordinary temperature, and with 
great energy, to acetylene and slaked lime ; the water is 
simpler allowed to drop slowly on lumps of‘ the carbide in a 
suitable genera11% vessel ; the action may be moderated by 
adding formaldehyde to the water. 

^aO + 3C CaCg G2H2 +Ca(OH )5 

m 
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Acetylene or ethine, CH|CH (E. Davy, 1839), is a colourless, 
insoluble gas, of sour, oppressive odour, which, when strongly 
cooled, condenses to a liquid boiling at — 84® ; it is fairly 
soluble in alcohol, and extremely so in acetone. 

Acetylene , bears the same relation to ethylene as the latter to ethane, 
and can be converted into either gas by direct addition of hydrogen ; 
ethane is formed when a mixture of acetylene and hydrogen is left in con* 
tact with platinum black, and ethylene when copper acetylide (§ no) is 
warmed with zinc dust and strong ammonia. 

Acetylene is extensively used as an illuminating agent ; it burns with 
an intensely luminous flame when led through a suitable jet, although when 
it is burned from an open vessel the flame is very smoky As acetylene 
is convertible into ethylene, and ethylene into ethyl hydrogen sulphate 
and alcohol, it affords a means of preparing alcohol synthetically. 

110 . Derivatives ol Acetylene : its Constitution. — From its 
relatiou to ethylene, acetylene is represented by the formula 

II.feC.H, 

structural Formula of Acetylene. 

the two carbon atoms being connected by three valencies — a 
triple linkage. 

The symbolic nature of these linkages must be borne in mind, for the 
stability of a linkage does not increase with the number of valencies. The 
reverse is the case. Ethylene is much more readily attacked by agents 
than ethane, and acetylene is endothermic, and so unstable that it is decom* 
posed explosively into its elements when a detonator is fired in it. Liquid 
acetylene appears to be a dangerous explosive. The same is true of the 
various derivatives, those of ethane being stable, whilst many of the acety- 
lene compounds are explosive. The whole subject of the stability of 
linkages is reviewed later {§ a88). 

A-cetylene has feeble acid properties, and forms compounds 
with most of the metals. When sodium is gently heated in 
the gas, sodium acetylide ^ CH ■ CNa, is formed, a white solid 
from which the hydrocarbon is explosively regenerated by 
water. 

On passing acetylene into a s 61 ution of ammonio-siivei 
nitrate, a yellow precipitate of silver acetylide, C2Ag2, is 
thrown down ; in the same way ammonio-cuprous chloride 
yields reddish-brown cuprous acetylide, CgCug. These com- 
pounds are highly explosive when dry, -and detonate if 
heated or struck. 

Copper acetylide forms a sensitive test for acetylene. If a 
beaker wetted with a solution of cuprous chloride in ammonium 
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chloride is inverted over a Bunsen burner in which the flame 
is burning below^ the presence of acetylene^ evident from the 
odour, is confirmed by the precipitation of the red acetylide. 

This acetylide also affords a convenient means of separat- 
ing the hydrocarbon from other gases, as it is quantitatively 
decomposed into acetylene and cuprous chloride when warmed 
with concentrated hydrochloric acid ; the precipitate must not 
have become dry. In the absence of calcium carbide, copper 
acetylide, and thus pure acetylene, may be made in consider- 
able quantity, by aspirating the products of combustion of 
air in coal gas through the cuprous solution. 

Although acetylene is more uosaturated than ethyleae, it forms additive 
compounds much less readily, and may be shaken, with broiiiine water 
for some time without decolorising it, When passed into cold bromine, 
however, it is converted into acetylene teirabrotnide or tetrabrom-ethane, 
CHBr^.CHBrj, a liquid which resembles ethylene bromide, but boils at 
137° : whilst by adding the halogen to an alcoholic solution, of the hydro- 
carbon, the intermediate dibromethylene, CHBr:CHBr, is formed, a liquid 
resembling vinyl bromide. Acetylene also takes up a molecule of hydrogen 
bromide when heated with the concentrated acid at ioo°, and is converted 
into vinyl bromide. 

Like ethylene, the hydrocarbon is absorbed by fuming sulphuric acid, 
and when the resulting solution is diluted and distilled with water, acet- 
aldehyde is obtained, together with some crotonaldehyde (§ 133) formed 
by its dehydration. 

ch:ch+h,o=ch3.cho. , 

Similarly when the gas is passed into chromic acid mixture, it is oxidised 
to acetic acid, whilst with alkaline permanganate, the alkali oxalate is 
formed. 

Acetylene combines with nitrogen when an electric arc is maintained 
in an atmosphere of the mixed gases, forming hydrogen cyanide by direct 
addition (i^ewar, 1880). 

C„Ha + N.,=2HCN. 

It readily polymerises when passed through a red-hot combustion tube, 
forming benzene, CgHg, and other compounds. 

111. Homologues of Acetylene.— 'Several homologues of acety- 
lene of the general formula are known. 

AUylem or propine, CH^.C-CH (Markownikoff, 1861), is an easily con- 
densible gas, which is formed by heating propylene bromide with alcoholic 
potash, whence its constitution. It is very soluble in concentrated 
sulphuric acid, and the solution when diluted and distilled yields acetone 
and mesitylene. (§ 328). AUylene resembles acetylene in every essential, 
forms rhetaUic compounds, and is oxidised to propionic acid by chromic 
acid. 

There is, however, a second hydrocarbon of the formula C3H4. AUenc 
or isoallylene, CH^iCtCHa is a gas, which,- like allylene, is hydrolysed by 
sulphuric acid and water to acetone ; but it does not form metallic com- 
pounds, whfist on the oth^ hand it forms additive compounds with much 
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greater readiness. AUene ietrabromidej CH2Br.CBr3.CH2B/, is a liquid 
resembling ethylene bromide, and boUing at 220*. AUene is therefore a 
diolefine, and not a true homologue of acetylene. The sufi&x -ene denotes 
the presence of one or more ethylene linkages, in distinction to the suffixes 
’ine and -me, which respectively indicate acetylene and paraffin linkages. 

In the four-carbon and higher acetylenes and diolehnes, position isomer- 
^ism is possible, as in the higher olefines, and the formation of metallic 
derivatives is dependent on the presence of the mobile hydrogen of the 
CH or methine group. Thus ethyl-acetylene or CHiC.CH2.CH3, 

a liquid boiling at i8“, forms such derivatives,, whilst dimethylacetylene or 
2-butine, CH3.C;C.CH3, does not do so. 

As in all the homologous series, the higher acetylenes are oily liquids 
or wax-like solids. Like propylene and the higher olefines, they give rise 
to a series of alcohols, acids, etc., such as propargyl alcohol (§ 134}. 

112, Synopsis. — Acetylene, a doubly unsaturated hydro- 
carbon having a triple linkage in its formula, is formed by 
removing hydrogen bromide from ethylene bromide. Acety- 
lene and certain of its homologues are distinguished from 
olefines and paraffins by forming explosive compounds with 
metals. 
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Complex Aliphatic Compounds 

SECTION VI 

COMPLEX SUBSTITUTION PRODUCTS OF 
ETHANE . 

CHAPTER XXr 

HAtOGEN SUBSTITUTION PRODUCTS 

113. Simple and Complex Compoands. — ^The properties of the sinijde 
compounds thus far considered are defined by the nature of their charac- 
teristic radicals^ and are comparatively little influenced by that of the 
residual part of the molecule. Once the radical is known, the chemical be- 
haviour of the compound can be deduced with remarkable accuracy. Any 
primary alcohol gives the same set of derivatives as ethyl alcohol, a fact 
which may be summarised in the statement that primary alcohols have 
the general formula R.CH 3 OH. Similarly acids have the gei\eral formula 
R.COOH, and aldehydes and ketones the general formulae R.CHO and 
R.CO.R respectively. 

We have also seen that these compounds may be regarded as substitU' 
tion-products of the hydrocarbons. Methyl alcohol and its immediate 
derivatives are substituted methanes, and the compounds of the ethyl and 
higher groups are similarly derived from the homologous hydrocarbons. 
As far as methane is concerned it is immaterial which view is adopted, but 
when there is more than one carbon atom in the molecule the substitution 
method indicates further possibilities ; for regarding acetic acid as a sub- 
stituted ethane, the substitution is seen to have taken place in only 
one of the methyl radicals. 

CH^ CH 3 .OH ^ tCH(OH) 3 ] [C(OH)J; 

CHjXHa -> CHa.CH^OH -> [CH^.CH(OH) J ^ [CHaAOHy. 

Methyl alcohol, formaldehyde, formic acid and carbon dioxide comprise 
the whole of the oxygenated derivatives of methane which are theoretically 
possible, whereas^only a moiety of the ethane hydrogen has been replaced 
when acetic acid is reached. There i| no apparent reason why the substi- 
tution should be thus limited, whilst at the same time it is obvious that if 
it be continued in the other half of the molecule, the products can no 
loi^r be simple in character. Such complex substitution p^oduc^ iorm 
the subject of the following chapters. 

140 
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114 . The Halogen- Acetic Acids. — When a mixture of acetic 
acid vapour and chlorine is exposed to direct sunlight, the 
colour of the chlorine slowly disappears, just as with ethane 
under similar conditions ; hydrogen chloride is formed, and a 
substitution-product, trichloracetic acid, is deposited in crystals 
on the ^es of the flask. The chlorination is much more^ 
rapidly effected in presence oi a carrier, such as iodine 
(Muller, 1862), red phosphorus (Volhard, 1885), or hydrogen 
chloride (Lap worth, 1903). 

Tie- action of the carrier varies. Iodine forms iodine chloride, which 
chlorinates the acid more vigorously than free chlorine, and is continu- 
ously regenerated by the chlorine from the hydrogen iodide into which it 
is converted. Phosphorus forms phosphorus trichloride, which converts 
some of the acid into acetyl chloride, a compound which is more easily 
chlorinated than the free acid ; the chloracetyl chloride interacts with the 
acid, forming chloracetic acid and regenerating acetyl chloride. Hydro- 
gen chloride, which is conveniently formed by adding acetyl chloride to 
ordinary glacial acetic acid (1.5. containing a little water), acts ionically. 

Either of the chlorinated acetic acids may be obtained, 
according to, the amount of chlorine used, but the method is 
usually applied only to the preparation of monochloracetic 
acid; the chlorination is carried on in a reflux apparatus 
until the necessary increase in weight is observed, 

CH3.COOH+ICUCH2CI.COOH+HI ; HI-I-CI2-ICI+HCI. 

The product, which readily crystallises on being cooled in ice and stirred, 
is purified by fractionation, the tail fraction, distilling above i8o“, being 
melted, crystallised, and drained, in the same way as acetamide (§ 53), 
until the melting point is constant ; the lower fractions are worked up 
again. 

Chloracetic acid^ CH2CI.COOH (R, Hoffmann, 1855), which 
is a deliquescent, very corrosive, crystalline solid, melts 
at 63®, and boils at 187®; it is a much stronger acid than 
acetic acid, K=0'i55,but resembles it in aU essentials. 

It forms metallic salts and esters, such as potassium chlor- 
acetate y which is a crystalline solid, and ethyl chloracetatey a 
stable liquid boiling at 145® ; and it is converted by phosphorus 
trichloride into chloracetyl chloride, a fuming liquid which 
is reconverted into the acid by water. 

CHaClCOOEt -O- CHsCl.COOH CH2CI.COCI. 

Hthjl clilor acetate Chlcii:iLcetic add Chloracetyl chloriilo 

Chfcracetic acid thus still contains the acidic hydroxyl of 
the acetic acid molecule, andrit is therefore a methyl hydrogen 
ntom of the latter which is replaced by chlorine, 

Dchloracetic and trichloracetic acids were first obtained by 
directly chlorinating acetic acid, but are more conveniently 
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prepared from chloral hydrate, the aldehydrol of trichloracetit 
acid (§115). 

When chloral hydrate is boiled with potassiuiUTyanide solution, dichlor- 
acetic acid Is formed, by a somewhat unusual process of reduction ; whilst 
when it is heated with fuming nitric acid it is oxidised to tiichioraoetic a(^d 
(Kolbe, 1845). 

Ca3.CH(OH)a+CNK=CHCl,.COOH+HCN+Ka; 

CCUXHO+O-rcia.COOH. ■_ 

Diphloracetic acid, CHCI2.COOH (Muller, 1862), is a heavy 
liquid which boils at 191° and freezes af — 4® ; its dissociation 
constant is K = 5* 14. Trichloy acetic acid, CCI3.COOH (Dumas, 
1838), is a deliquescent, corrosive, crystalline substance, which 
melts at 55®, and boils at 195® ; it is a powerful acid, its dis- 
sociation constant being K=i2i. Like the mono- and di- 
chlor- acids, it forms stable salts, esters, etc. 

Ethyl trichloracetate, CCl3.COOEt. is an insoluble oily liquid boiling at 
167®, which is readily prepared by mixing equal weights of trichloracetic 
acid, alcohol and sulphuric acid, worming until opalescent, and then 
pouring the product into cold water; when shaken with aqueous 
ammonia it is converted into trichloracHamidej CClj.CONHj, a crystalUne 
substance which melts at 135®,' and sublimes with great readiness. 

When trichloracetic acid is boiled with alkalies it is hydro- 
lysed to chloroform, the carboxyl group being eliminated as 
carbon dioxide (Dumas, 1838). The three hydrogen atoms 
which are replaced by chlorine are therefore agsdn those of the 
methyl radical of acetic acid, a conclusion which is substan- 
. tiated by the reduction of trichloracetic acid to this ^id when 
digested with sodium amalgam (Melsens, 1842). ^ 

CH3.COOH CCI5.COOH CHClj-f- CO3 

Trichloracetic acid can also be made from carbon tetrachloride, and 
thus synthetically from carbon disulphide and carbon. When the vapour 
of the tetrachloride is passed through a red-hot tube it is converted into 
ietrachlouihylene, C0.2’QCl2t a liquid boiling at 121° ; and on passing chlorine 
into this liquid covered with water, in a flask which is exposed to direct 
sunlight, trichloracetic acid is formed by successive chlorination and 
hydrolysis (Kolbe, 1845). Acetic acid was first synthesised by reducing 
trichloracetic acid'prepared in this manner. 

CClaTCCla-l-Cl^+aH^O-CCUXOOH+sHa; , 

CCl3.COOH+6H*=CH3.COOH+3Ha. ? 

The various bromacetic and iodacetic acids are crystaUme 
substsmces resembling the chlora^tic acids. Monobroma^tic 
add is prepared by heating glacial acetic acid and ^tyl 
chloride on a water-bath with the theoretical amou;^ of 
bromine (Fig. rt) ; it is purified by fractionation. The iodo^ 
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compounds are usually prepared indirectly, as owing to the 
powerful reducing action of hydrogen iodide, direct sub- 
stitution by iodine can only be effected, and then with difficulty, 
in presence of iodic acid or some similar agent which recon- 
vert the hydrogen iodide into iodine. 

Bromacetic acid, CH2Br.COOH, is a very deliquescent, corro- 



, Rg. iS.—Brorumation of Acetic Add. 


Tlie hydro:jen bromide and bromine (times are absorbed by llie water in the Volhard trap, whidi 
Is so arraiiifcd Lhai whilst aU gases escaping from the apparatus ate waslied by the lirjuld, the 
latter taiiaot possibly be drawn into the reflux apparatus. 


sive substance melting at 51* ; its dissociation constant is 
K ^0*138. lodaceHc acid, CHal.COOH, melts at 82® j its dis- 
sociation constant is K -0075. 

115. fJhlora! and Choral Hydrate.— Trichloraldehyde or chloral, 
the aldehyde of trichloracetic acid, is formed when aldehyde is 
chlorinated in presence of marble ; the marble serves to take 
up thb hydrochloric acid, which otherwise bringaiabout conden- 


’ 144 Organic Chemistry [115 

sation (§ 146). Chloral is usually manufactured, however, by 
chlorinating alcohol. Dry chlorine is passed into anhydrous 
alcohol in a reflux apparatus, the spirit at first being kept cool, 
but afterwards heated at 60°, and finally, as the action moder- 
ates, at 100®; the cUoYal alcoholate thus formed, is then 
hydrolysed by concentrated sulphuric acid. 

The chlorination is continued until ethyl chloride ceases to be evolved 
— an operation requiring many hours ; the product is then -heated with 
concentrated sulphuric acid for several hours at the same temperature, 
and the oily layer of chloral which separates is removed, and redistilled 
from calcium carbonate. 

The chloral is finally converted into the crystalline hydrate 
by mixing with an equimolecular proportion of water ; much 
heat is evolved, and the product soon becomes solid. It 
combines with alcohol in the same manner. 

Chloral or irichlor acetaldehyde, CCI3.CHO {Liebig, 1831), is a 
pungent, heavy, oily liquid, boiling at 97“ ; its hydrate or aide- 
hydrolf CCl3.CH(OH)2, is a crystalline substance melting at 57®. 
Chloral hydrate has a peculiar sweetish odour, resembling that 
of stale apples, and an acrid, unpleasant taste ; it is used as a 
hypnotic (Liebreich, 1869). 

Chloral shows the usual properties of , aldehydes; it 
reduces ammoniacal silver nitrate, colours bleached rosaniline, 
forms additive compounds with ammonia, hydrogen cyanide, 
and sodium bisulphite, and an oxime with hydroxylamine. 

Chloral hydrate is one of the few examples of hydroxy-compounds in 
which two hydroxyb groups are linked to the same carbon atom, and com- 
pletely justifies the view that the aldehydes represent dihydroxy-deriva- 
tives of the hydrocarbons. When vaporised, the hydrate is dissociated 
into chloral and steam, for its boiling point is about the same as that of 
water or chloral, and its vapour density the mean. Instead of the sum, 
of the vapour densities of its constituents. But it is converted into a 
diacetate, CClj.GHiOAcla, by acetyl chloride, and is thus a stable chemical 
compound when solid. Chloral fornlB a similar crystalline alcoholcUe, 
CCI3.CHOH.OEt, closely resembling the hydrate. 

Although oxidisable to trichloracetic acid in the normal 
manner, chloral is converted into ordinary alcohol when 
reduced with sodium amalgam, the chlorine appearing to 
b^: r^laced before the aldehyde group is affected ; and as 
already noted, it is hydrolysed to chloroform and the ^ali 
fcMinate when mixed with cold caustic alkali. 

CHs.Cn30H-O-CCl3.CH0-H:Cla.C00H-^CIICI« 

I t 
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The formation of chloral from alcohol is somewhat complex, 
but may be summarised by saying that the alcohol is first 
oxidised to- aldehyde, and then chlorinated. Several stages 
intervene, however, between the aldehyde and the final pro- 
duct of this vigorous action. 

The aldehyde combines at once with some of the unchanged alcohol, 
forming ace^, and the latter is successively chlorinated to mono- and 
dicMoracetal The dichloracetal is resolved by the liberated hydrogen 
chloride, as the temperature rises, into ethyl chloride and dicUoracetaldehydi 
alcokoUUe, CHCIg.CHOH.OEt, which is then converted by further chlor- 
ination at the highest temperature into the corresponding trichloro-com- 
pound, chloral alcoholate. Finally the alcoholate is resolved by the 
sulphuric acid into ethyl hydrogen sulphate ahd chloral (Fntzsch, 1894). 

CHg.CK^jOH ^ CH,.CHO CH^.CHCOEt), CHCls.CH(OEt) ^ ; 

CHCJ2.CH(0Et)a->CHaa.CH0H.0Et (+ EtCI)^CCl3.CH0H.QEt, 

The formation of chloroform from alcohol and bleaching 
powder is probably parallel, the chloral first formed being 
hydrolysed by the lime. The formation of iodoform is also 
probably analogous, although the iodal corresponding with the 
chloral^s unknown ; it is quite possible, however, that it is 
transiently formed in the action. 

lift. iDflaenee ot ' HalogeD-Satstttutiaa on the Properties ol Componnti,— It 
was at one time thought that the substitution of hydrogen by a powerfullj 
electronegative element like chlorine must fundamentally alt^ the char- 
acter of the compound in which the substitution is effected. The prepara- 
tion of trichloracetic acid conclusively disproved this view, and thus led 
to the development of the theory of substitution (Dumas, 1838), without 
which the progress of Organic Chemistry would haye ^en very slow. 
The results described in the preceding paragraphs show that the \msub- 
stituted part of the paraffin molecule in the acids and their relatives is 
attacked by chlorine in precisely the same way as the paraffin itself, 
yielding chloro-substitution products which are still aldehydes, acids, etc., 
in spite of the replacement of hydrogen by dilorine. 

Although the substitution of chlorine for hydrogen makes little diSer- 
euce qualitatively to the propertiM of the substance, it has nevertheless 
a marked quantitative effect. In the first place it intensifies the acid 
character of the molecule, and renders it more reactive ; and in the 
second place it decreases its stability. The increased activity and in- 
stability ate mutually interdependent, and are probably due' to the same 
T^bl * substances such as the paraffins are -also particularly 

The increase in the acidity of the acids is particularly worthy of atten- 
tion. We have already noticed that the sutwtitution of an oxygen at^ 
for twofiydrc^ea atoms converts the primary alcohol radical, CH3OH, 
into the acid or carboxyl radical, COOH, and the feebly basic substanos 
^cohoi into the Well-defined acid, acetic acid. The substitution of cblorins 
for the hydrogen of the acetic acid molecule is merely an extension of this 
process, and the substmice continues to grow m(»:e add as the radical 

L _ 
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becomes rawre strongly electronegative in character. The acidify^ in- 
fluence of bromine is not so great as that of chlorine, as might be expec^, 
and the acidifying influence of iodine is smaller still. . ■ , 

A rough idea of the relative strength of acids is gained by the action of 
their decinormal (or, if necessary, norftial) solutions on Gongo-red paper, 
which is made bv dipping strips of filter paper in an alcoholic solution, of 
Congo-red dye (§ 384 1, and drying. Very strong acids such as sul- 
phuric, hydrochloric and trichloracetic acids turn the red to aruintense 
blue, but weaker acids produce less intense blues and greys. ' 


Acid 

Dissoclatioa Constant, . 

Acetic 

o'OoiS 

Chloracetic 

0-155 

Dichloracetic 

5 ’i 4 

Trichloracetic 

121' 

Bromacetic 

0-138 

lodacetic 

0-075 

Butyric 

o’oois 

TTichlorobutyric 

10- 


The instability of the chloro-compounds increases step by step with their 
acidity, and when all the hydrogen of the methyl radical has been sub- 
stituted, the stable union of carbon atoms characteristic of the paraffins 
has disappeared. Trichloracetic acid and its aldehyde chloral are at once 
decomposed by caustic alkalies, or even by water at a high temperature. 
Mono- and dichloraeetic acids are not broken up by hydrolytic agents, but 
the ethyl chloride and ethylidene chloride from which they are de- 
rived are converted by those agents into substances of alcoholic and aide- 
hydic character (Chapter XXII). 

117. Homologues and Analogues of Chloral. — The condensation 
product, which is formed when aldehyde is chlorinated alone, 
is a homologue of chloral, and is*' known as butyl chloral. 

The chlorine is passed into cold paraldehyde, and after the action has 
moderated, the liquid is heated at 100°, and the chlorination continued 
until action ceases ; the product is poured into alcohol and neutralised 
with carbonate, and the alcoholate which is thus formed is frac- 

tionated, and decomposed with concentrated hydrochloric acid. 

The acti<m is again complex. Probably chloraldehyde » first formed, 
which upder the influence of the liberated hydrochloric acid unites with a 
second molecule of aldehyde, forming a condensation product, chhrocrO’ 
CHa.CHtCClCHO (see §§ 132, 146) ; this chlorinated aldehyde 
with a molecule of chlcdne, forming trichlorobutaldehyde or 
butyl chloral (Pinner, 1875). 

. GH^CHO + CHACHO^ CH,XH:CaCHO->CH.XHaCaa.CHa 
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Butyl chloral y CH3.CHCl.CCl3.CHO (Pinner, 1 870), is a liquiii 
wWch closely resembles ordinary chloral, but boils at 165®. 
Its hydrate^ CH3.CHCLCCI2.CH (OH) 2, is a colourless crystal- 
line solid, which melts at 78°, and resembles camomile in odour; 
like chloral hydrate, it is used as a hypnotic. 

Butyl chloral reduces silver, and colours bleached rosaniline, but it is 
hydrolysed by alkalies to the alkali formate and dichloroPropyletie, 
CHs-CGrCHCi, a liquid of aromatic odour ; the trichloropropane which 
might be expected loses hydrogen chloride. Butyl chloral is oxidised by 
fuming nitric acid to trichlorobuiyric acid, CH3.CHCl.CCl2.COOH, a very 
acid, crystalline' substance resembling trichloracetic acid ; and it is reduced 
by sodium amalgam to normal butyl alcohol. 

When a solution of cetyl alcohol in chloroform is chlorinated under the 
same ccmditions as ordinary alcohol, a chlorinated derivative of palmitic 
aldehyde is formed ; it is not homologous with the lower chlorals, it 
contains relatively more chlorine. Palmitic chloral, CigHisCIw-CHO 
(Claus, 1891) is a thick yellow oil, which like the lower chlorals forms a 
crystalline hydrate with water. 

118 . Synop&is. — By continued chlorination of the alcohols, 
aldehydes and acids, chlorinated aldehydes and acids, such as 
chloral and the;chloracetic acids are produced ; owing to the 
influence of the electronegative halogen, the acids are less 
stable and more reactive than the original unsubstituted acids. 
Many of the corresponding bromine and iodine derivatives are 
also known. 





CHAPTER XXII 

HVDRqXV-SUBSmUTION PRODUCTS ; THE GLYCOL-OXAUC 
SERIES 

119. tllycoUic Acid . — Alcohol, aldehyde and acetic acid being 
derived from ethane by oxidation of one of its methyl groups, 
compounds may be expected in -which the second methyl group 
is also oxidised ; such compounds must bear the same relation 
to the chloracetic acids and tjieir derivatives, as alcohol to 
chloretha:ge, etc., and should act in a dual manner. 

Glycollic acM, the hydroxy-»acid corresponding with chlor- 
acetic acid, is a primary alcohol, as weU as an acid, and has 
derivatives in each of these capacities ; whilst in the remaining 
members of the series, the alcohol, aldehyde and acid groups 
are combined with each other in every conceivable way. 

Glycollic acid is prepared by boiling a concentrated solution 
of potassium chloracetate or bromacetate in a reflux apparatus 
for many hours (compare § 22). 

CHgaCOOK + R20==GH20H.C00H + KCl. 

The product, which contains potassium chloride or bromide and the free 
acid, is evaporated to^dryness under reduced pressure, and the glycollic 
acid is extracted from the residue with acetone, in which the halogen salt 
is insoluble. 

The acid was first obtained from glycocoU (§ 217). It occurs naturally 
in unripe fruity and may be made by gently oxidising alcohol with nitric 
acid, or by oxidis^ glycerol or invert-sugar with silver oxide in presence 
of calcium It is also formed synthetically when aqueous 

formaldehyde |£^mxed with potassium cyanide (compare Lactic Acid, 

§137). 

H.CHO -J- GNK ■}• 2HaO = H.CHOH.COOK + NH3. 

G/ycollic or Kyiroxyacetic acidy CH 2 OH.COOH (Strecker, 
i8gi), is a deliquescent, crystalline substance, which melts at 
about 8o®,^nd has a dissociation constant K -0-0152 ; owing 
to the acidifying influence of the additional oxygen atom it is 
therefore a decidedly stronger acid than acetic acid. 

The molecular formula of glycollic acid is As it 

A monobasic acid, forming metallic salts, such as 
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potassium glycoUatet CsHsKOg, and esters such as ethyl ^ 
collate, CgHgEtOa, it contains the carboxyl radical, and 
represented by a rational formula, CH3O.COOH. 

Ethyl glycollate interacts vigorously with acetyl chloride, 
with evolution of hydrogen chloride, forming an acetyl deriva- 
tive, in which a hydrogen atom of the ethyl glycollate mole- 
cule is replaced by acetyl ; as this interaction is character^ 
istic of alcohols (§ 41), the third oxygen atom of the ethyl 
glycollate molecule is present as alkylic hydroxyl. 

The constitutional formula of the ester is therefore 
CHaOH.COOEt, and that of its acetyl compound, CHa 
(OAc).COOEt 

The presence of both alkylic and acidic hydroxyl groups is confirmed 
by the action of phosphorus pentachloride on the acid. In the cold, this 
agent yields glycoUic chloride, CHgOH.COCl, a fuming liquid which is 
reconverted into the acid by simple digestion with water, and is therefore 
an acid chloride ; hut on heating the phosphorus'-chloride with the acid, 
chloracetyl chloride, CH2CI.COCI, is formed, identical with tlfat which is 
formed directly from chloracetic acid (§114). 

GlycoUic acid can not only be made from formaldehyde, but can also be 
converted into it, for when it is heated with concentrated sulphuric acid 
at 150®, a brisk effervescence sets in, and carbon monoxide escapes, whilst 
paraformaldehyde sublimes into the cooler parts of the vessel, 
SCH^OH.COOH = (CH,0)3 + 3CO + sH^O. 

From its dual character as an acid and a primary alcohol the oxidation 
and reduction products of glycoUic acid are numerous. Not only as an 
acid is it connected with an aldehyde and alcohol— 

CHaOH,COOH-eCHaOH.CHO<-CH20H.CH20H, 
but as a primary alcohol it is oxidisable to a second aldehyde and acid— 
CH2OH.COOH -> CHO.COOH -> COOH.COOH ; 
whilst in its dual capacity it is related to a third o> double aldehyde— 
CHaORCOOH CHO.CHO, 

120. GlyeoL— The double or diprimary alcohol correspond- 
ing with glyeoUic acid is made by hydrolysing ethylene brom- 
ide, either directly, by prolonged boiling with aqueous potass- 
ium carbonate, or indirectly, by boiling the dibromide. with 
sodium acetate And acetic acid, and hydrolysing the resulting 
glycol diacetate with bar5d;a or dry slaked lime (Erlenmeyer, 
1878). The acetate meliiod is the best, as in the dkect pro- 
cess much of the ethylene bromide is converted into vinyl 
broimde (§ 107). " * 

CI4Br.CH|£r+2KOAc = CH2(OAc).CH2{OAc)+2KBr i 

^^OilSMCHjIOAc) +Ca(OH)2 = CH^OH.CHaOH +Ca(OAc)j. 

d/ycn/4r ethylene alcohol^ CHaOH.CHaGH ('Wurtz, 1856)^13 
a hygroscopic liquid, which boils at 195®, and 
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freezes at a low temperature to a crystalline solid, melting at 
• it is volatile with steam. 

The presence of two alkylic hydroxyl groups is proved by 
the formation of two acetyl derivatives when glycol is boiled 
with acetic acid j the primary character of the alcohol groups 
is demonstrated by its oxidation by nitric acid to the corre- 
sponding aldehyde and acid, glyoxylic and oxalic acids. The 
name glycol registers the double analogy to glycerine (| 127) 
and alcohol. 


The dichloro -derivative of glycol, formed by the action of phosphorus 
peatachloride, is identical with ethylene dichloride, whilst the mono- 
chloro'compound, glycol chlorhydrin, may be regarded as chlorethyl 
alcohol ; it is best formed by the action of sulphur dichloride on glycol 
(compare Glycerol, § 128). 

Glycol chlorhydrin or chlorethyl alcohol, CH2CbCH20H (Wurtz, 1859), 
is a sweet liquid, boiling at 128'^. It is reduced by sodium amalgam to 
ethyl alcohol, and oxidised by chromic acid mixture to chioracetic acid, 
whilst it is hydrolysed by dilute sulphuric acid to glycol. 

CHaOH.CH^OH <-> CHaCLCHaOH-^CHaaCOOH 


Both glycol and its chlorhydrin may be made directly from ethylene, 
and on this account are termed ethylene glycol and chlorhydrin. When 
ethylene is shaken with aqueous hypochlorous acid, it is converted into 
the chlorhydrin, whilst with dilute alkaline permanganate (| 104) glyart 
is formed. 

CH,a.CH,OH^ ^ CH.OH.CH ,0H. 


Ethylene chlorhydrin can be deprived of its halogen in the same way 
as the dibromide, but the product thus formed is of a different type to 
vinyl bromide ; it is isomeric with acetaldehyde. Ethylene oxide, C2H4O, 
is a mobile liquid which boils at 14®, and like acetaldehyde is redriced to 
alcohol by sodium amalgam. It is readily reconverted into the chlorhy - 
drin by hydrochloric add, which it neutralises very rapidly, although not 
strictly speaking a base; it must be regarded as an internal ether of 
glycol. 

CH,OH CH, 

Ch,oh CH/ 


Glycol. Etliylene oxide. 


121 . The Aldehydes OE Glycol.— As glycol is a diprimary alco- 
hol, it forms three aldehydic derivatives, namely, an alcohol- 
aldehyde, an aldehyde-acid, and a double aldehyde. 

The alcohol-aldehyde is formed by oxidising glycol with 
hydrogen peroxide in presence of fefrous .sulphate {§ 129), or 
hydrolysing bromacetaldeffyde with baryta water. 

It is also produced by polymerisation of formaldehyde (compare Aldol, 
§ X46l, but is most conveniently prepared from dihydroxymaleic acid 
IS 160). 

CHaOH-CH.OH CHsOH.CHO CH jBr.CHO 
H.CHO+H.HCO 
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GPycolHc aldehyde, CHgOH.CHO, is a sw^t, unstable cryst^^* 
line imbstance, which has the typical properties of. an aide* 
hyde ; it reduces ammomacal silver solutions in the cold, and - 
alkaline copper solutions on warming ; and it immediately 
colours bleached rosaniline. 

Giyc5ollic aldehyde is of great theoretical interest as the first member of 
the sugar series (§ i88), of which grape-sugar is the most important ; it is 
probably formed from tartaric acid during the ripening of grapes, and 
rapidly polymerises when warmed, into more complex sugars, such as are 
present in ripe fruit. Like grape-sugar it is converted into a yellow 
oystaUine osazone (| 185), when warmed with phenylhydrazine acetate. 

Glyoxylic acid and glyoxal, the aldehyde-acid and double 
aldehyde corresponding with glycol, were* originally prepared 
by oxidising alcohol with nitric acid (compare Glyceric Acid, 
§]i2g). The acid is more conveniently obtained by indirect 
hydrolysis of dichloracetic acid, to which it bears the same 
relation as aldehyde hydrate to ethylidene chloride. 

Potassium dichloracctate is boiled with a concentrated solution of 
potassium acetate, and the diacetate oi glyoxylic acid which is thus formed 
is hydrolysed by boiling water to potassium glyoxylate and free acetic 
acid, which may be removed by distillation. 

i»^Glyoxylic acid is also formed by the spontaneous oxidation of acetic 
acid by air in sunlight, and is therefore present in appreciable quantity 
in the first fractions obtained-on rectifying commercial acetic acid {Hop- 
kins, 1901). It may be prepared by reducing a saturated solution of oxalic 
acid with sodium amalgam ; if a few drops of -such a solutimi or some com- 
mercial acetic acid be mixed with a little albumen (white of egg) solution, 
an intensely violet ring is formed on addition of concentrated sulphuric 
acid (see Indole, § 407). 

Glyoxylic acid, CH(OH)jj.COOH (Debus, 1856), is a syrup 
which crystallises only with difficulty ; it is a stronger acid 
than glycolliq acid, K =0*0474, and forms the usual metallic 
salts ; the ethereal salts are unknown. 

As an aldehyde, it is oxidised by nitric acid to the corresponding acid, 
oxalic acid, and reduced by zinc dust and water to the correponding 
primary alcohol, glycollic acid ; it is reconverted into dichloracetic acid 
by phosphorus pentachloride. ^ 

' CHaOH.COOH ^ CHO.CXXIH COOH.COOH. 

Glyoxylic acid gives the usual alq|^yde reactions, and formjt ' 
a crystalline hydrazone with pheuylhydrazine ; but with caustic " 
soda, it resembles formaldehyde (§ 86), and is converted Into ; 
glycollic and oxalic acids. ^ . 

2 CH 0 .^QH + dNaOH -CHsOaCOONa -f COONa.GOOtia +2H2a ^ 
is conveniently made by oxidising aldehyde witlL-^ 
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nitric acid at the orSSmary temperature (Liubawin, 1878), and 
is separated from the neutralised product in the form of an 
insoluble bisulphite compound, by the formation of which it 
is distinguished from glycoUic aldehyde, 

Glyoxal or glyoxylic aldehyde ^ CHO.CHO (Debus, 1856), is an 
amorphous solid, or when not quite free from water, a syrupy 
liquid ; it gives the usual aldehyde reactions, such as the re- 
duction of ammoniacal silver nitrate, and? the colouring of 
bleached rosaniline, 

Glyoxal is oxidised by nitric acid to glyoxylic or oxalic acid, according 
to the concentration. With alkaiis or with water at 150® it resembles 
glyoxylic acid, and is converted into glycollic acid, one of the aldehyde 
groups being oxidised at the expense of the other. 

CHO.CHO + NaOH = CHsOH.COONa. 

122. Oxalic Acid, — The end product of the oxidation of all 
these substances, short of carbon dioxide, is oxalic acid, which 
also results from the oxidation of many other Organic com- 
pounds. Oxalic acid is thus slowly formed from acetic acid 
by the action of alkaline permanganate ; concentrated sodium 
acetate solution is boiled down with caustic soda and potas- 
sium permanganate, until the green manganate has disappeared, 
and on adding acetic acid and calcium chloride to the filtered ' 
solution of the product, calcium oxalate is precipitated. 

Oxalic acid occurs naturally in the common sorrel {pxalis\ 
and in rhubarb and other plants ; the commercial product 
is made from sawdust (cellulose, § 178) by oxidation with 
air and caustic alkali. 

The sawdust is made into a paste with caustic potash and soda, and 
heated in open vessels at about 240° ; on extracting the product with 
cold water, the potash is dissolved out, and the sparingly soluble sodium 
oxalate left (Dale, 1856). The function of the potash is not quite clear, 
but it is indispensable to the action ; probably the cellulose is hydrolyti- 
cally oxidised to the alkali formate, which is readily convertible into the 
oxalate (| 123), The sodium oxalate is boiled with milk of lime, by 
which it is converted into the insoluble calcium oxalate, fhe alkali being 
regenerated ; and the calcium oxalate, after washing, is decomposed with 
dilute sulphuric acid, and the oxalic acid recrystallised. 

In the laboratory, oxalic acid is conveniently made by oxi- 
^ dising, sugar, staxch, etc., nitric acid (Scheele, 1776), a 
method which was formerly employed technically. ‘When 
cane; sugar is warmed with a considerable excess of somewhat 
diluted nitric acid, a violent action sets in, and dense nitrous 
fumes^are evolved j and on concentrating the product and 
allowing it to cool, oxalic acid crystallises out 
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' The success of the operation depends on stopping the copcentniUon, 
and therefore the action, at the right point ; if the oxidation is not earned 
far enough, a syrupy intermediate product, saccharic acid (§ i8i), remain, 
whilst if it is carri^ too far, the oxalic acid is converted into carbon dioxide 
and lost. It is generally necessary in this and similar cases to start the 
crystallisation by adding a small crystal of the substance, or if this is npt 
available, by rubbing the sides of the vessel with a glass rod to afford 
nuclei for the crystals. ^ 

Oxalic aoidj COOH.COOH+2H.>0 (Scheele, 1776), crystal- 
lises from water in colourless, well-defined prisms, which lose 
their water of crystallisation at loo*^. The anhydrous acid is 
slightly volatile, and sublimes slowly in slender needles when 
heated at 100° ; it is soluble in warm concentrated sulphuric 
acid (but is decomposed by the hot acid), and crystallises 
from this solvent in large prisms. ■ 

The molecular formula of oxalic acid follows from the com- 
position of the two classes of metallic oxalates, and from the 
vapour densities of its ethereal salts. Its constitution as the 
simplest dicarboxylic acid is necessitated by considerations of 
valency, but is also established by its relation to glycol and 
glycoUic acid ; as previously stated, it is formed from these 
compounds by oxidation, and it is converted into the latter 
of them by reduction with zinc and dilute hydrochloric acid. 

CH20H.C00H-^1>C00H.C00H. 

Oxalic acid is a strong acid, its dissociation constant, K =10, being 
nearly twice that of dichloracetic acid ; the influence of oxygen substitu* 
tion is therefore of the same order as that of chlorine. 


Acid 

Dissociation Constant, 

K 

Acetic 

O'OOlS 

GlycoUic 

0*0152 

Glyoxylic 

0-0474 

Oxalic 

10* ■ 1;' 


Onalyl chloride, COCl.COCl, a very unstable fuming liquid, boiling at 
7o%is fefemed when ethyl oxalate is distilled with phosphorus pentachicride j 
on distilling the acid itself with either of the phosphorus chlorides,, it is 
.resolved' into a mixture of hydrogen chloride and the oxides of carbon* i 
An analogous result is obtained by heating it with concentrated sulphuric 
add, affording the well-known, method of preparing carbon- monoxtde; 
certain oxalates, such as the uranium salt, decompose spontaneously 
this manner when exposed to sunlight* , ' 

' ^ COOH.COOH = CO+CO,+H,0. 

The rimllay decomposition into carbon dioxide and formic add bas ted 
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^eady noted ; the aci(^ probably forms an unstable ethereal salt with ' 
the glycerol, which immediately splits up into carbon dioxide and mono* 
and di-formin (| 138), the formates of glycerol analogous to the glycol 
acetates. The forrains are then either hydrolysed by the water of crys- 
taHisation of the acid to formic acid and glycerol, or decomposed by a 
further quantity of oxalic acid into formic acid and glycerol oxalate. 

CaHiOa.O.CO.COOH-> C3H,0a.0X0.H+ CO 2 

l-^C3H«0g+H.C00H. 

Oxalic acid, as the end product of the hydroxy -ethane series, 
cannot be further oxidised without breaking up the molecule, 
so that when warmed with acid permanganate it is resolved into 
carbon dioxide and water, the permanganate being decolor- 
ised. The action is slow at first, but very rapid as soon as some 
manganous sulphate has been formed ; and as it is quantitative 
affords an accurate method of estimating the acid. 

COOH.COOH -f 0 :=3C02 -hHjO. 

123. Oxalates. — The alkali oxalates are made directly 

from the acid and caustic or carbonated alkali. Ammonium 
oxalate^ COONHi.COONH 4 , is prepared by simply neutralising 
a solution of the acid with ammonia, and evaporating to 
crystallisation ; the acid salt, ammonium hydYogen oxalate^ 
COONH^.COOH, is made by neutralising only half the 
solution, and adding the other half before evaporating, 
C00NH4.C00NH4+C00H^:00H^2C00NH4.C00H. 

Sodium oxalate also results, together with pure hydrogen, 
when sodium formate is heated, and it is directly synthesised 
from carbon dioxide by heating metallic sodium in that gas. 

2H.C00Na -> COONa.COONa Na^ -1- 200^. 

Potassium hydrogen oxaicUe is very sparingly soluble in water ; it occurs in 
plants as potassium quadrantoxalate or salt of sorrel, KHC204,H2C204,2H20, 
in molecular combination with oxalic acid. Ferrous oxalate is bright 
yellow in colour, and almost insoluble in water, so that ferrous sulphate 
is a delicate test for soluble oxalates ; in combination with potassium 
oxalate it forms a soluble yellow salt, Potassium ferrous oxalate, 
K2Fe(C204)2,2H20, which on account of its energetic reducing pro- 
perties is used as a developer in photography. Potassium ferric oxalate, 
K3Fe(C204)3,3H20, is an emerald green crystalline salt, which is rapidly 
reduced to hie ferrous salt when exposed to light, and is hence used for 
reducing platinum chloride in platinotype printing. The colours of these 
^ts are abnormal because the metal is combined with the oxalic acid 
in a complex ion. Calcium oxaUUe is insoluble, and hence serves for the 
detection and estimation both of the metal and the acid. Silver oxalate 
is very sparingly soluble, even in dilute nitric acid, and somewhat 
®xp4osive, , 

As oxalic acid is a strong acid, its esters can be pfepared 
Sweetly. Ethyl oxalate is readily made by hearing the anhy* 



156 • Organic Chemistry |?24 

drous acid with absolute alcohol in a distilling flask at lOO®, 
while a stream of Mcohol vapour is passed in from a second 
flask, to remove the liberated water.. The temperature being 
gradually raised to 130°, the excess of alcohol and the 
distil over, and when the distillation has ceased, the et^yl 
oxalate, which mostly remains in the flask, is fractionated. 

Ethyl oxalate f COOEt.COOEt, is a colourless liquid, which 
boils at 186®, and has a specific gravity of 1-079 at 20® ; when 
boiled with caustic soda solution in a reflux apparatus, it is- 
hydrolysed in the usual manner to alcohol and sodium oxalate. 
Methyl oxalate^ which is formed in the same way, is a colourless, 

• crystalline solid, which melts at 54° ; it is often the case that 
methyl salts are solid when their homologues are liquid. 

Some ethyl hydrogen oxa- ate, COOEt-COOH, is formed in the preparation 
of the diethyl salt ; it is a heavy, colourless liquid, which is decomposed 
when distillM under ordinary pressure, but can be distilled unchanged by 
dimiaishing the pressure (§ 143) ; under 15 mm. pressure it boils at 117®. 

124 , Oxamide ; Oxamie Acid : Cyanogen or Oxalonitrile. — When 
ethyl oxalate is shaken*with aqueous ammonia, oxamide is 
precipitated ; the action is the same as with ethyl acetate, and 
alcohol can be separated from the filtrate by distilling it with 
excess of dilute sulphuric acid. The amide is also formed by 
heating normal ammonium oxalate, in the same way as aceta 
mide from ammonium acetate. 

COOEt.COOEt + 2NH3 = CONH2.CONH2 + 2EtOH ; 

COONHi.COONHi = CONH2.CONH242H2O. 

Oxamide, 'CONH2.CONH2 (Bauhof, 1817), is an insoluble 
crystalline powder. Like all the amides it is hydrolysed by 
boiling alkali to ammonia and the alkali salt of the acid, 

• It is a diamide, however, and contains two amido-groups ; 
when ammonium hydrogen oxalate is heated, an intermediate 
product, oxamie acid, is formed, which is both an amide and 
an acid. 

Oxamie acid, CONH^.COOH (Balard, 1842), is a crystalline powder 
which melts and decomposes at 210°, and is hydrolysed by alkalies ia the 
same way as oxamide; its ethyl salt, ethyl oxamate, CONH2.COOEt 
(Boullay, 1828), a crystalline substance melting at 115®, is formed by 
{fhssing amm onia gas into ethyl oxalke. 

- The oa^ 0 k>nitriie obtained by heating oxamide with phos- 
pbor^l^^entoxideis identical with cyanogen, and is best made 
dry mercuric cyanide, or warming petassium cyan- 
copper sulphate (§ 201 ). - • * 
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HgC^Na^^Hg + CaNg; 

CONH2.CONH2 = 2H2O + CN.CN. 

Cyanogen ot ox aloniirili, CN.CN (Gay-Lussac, 1815), fe an in- 
tensely poisonous gas, wMch condenses at — 21® to a colourless 
liquid freez^g at — 32®; it bums with a coloured (pink-man- 
tled) flame, ^ut in the absence of oxygen is stable even it 
very high temperatures, and occurs in blast-furnace gases. ^ 

Cyanogen is hydrolysed by alkalies to the alkali cyanide 
and cyanate (§ 207), and combines energetically with hot 
potassium and sodium, forming the alkali cyanide ; in these 
respects it resembles the halogens. But otherwise it behaves 
as a typical nitrile ; it is reconverted into crystalline oxamlde' 
when passed into cold concentrated hydrochloric acid, whilst 
oxalic acid itself is obtained if the product be boiled; when 
reduced with zinc and dilute hydrochloric acid it is^onverted 
into the corresponding amine, ethylene diamine (§215), 

CN.CN + 2H.jO = CONH2.CONH2 : 

CN.CN +4H2O + 2HCI =:COOH.COOH + 2NH4CI ; • 

CN.CN -l-SH^CHalNHafcHalNHs). 

125» Relation ol the Glycol- Oxalic Series to Ethane. — ^The mem- 
bers of the glycol-oxalic series are thus the hydroxycthanes, or 
their dehydration products, corresponding with the chlor- 
cthanes, and the more stable of them can be made by direct 
hydrolysis of the halogen compounds. 


CII, 
CIIj 

CH3 

CFoOIl 


Oxidation Products ok Ethyl Alcohou 
(C ompare | 75). 
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^(i) Acetaldehyde, CHi„CHO. (a) Gly:ol> CHsOH.CHgOH. (3) Acetic acid. 
CHj.COOH. (4) Glycollic aldehyde. CHgOH.CHO. (5) Glycullic .acid, 
CHjpH.COOH. (6) Glyoxal,CHO.CHO. (7) G yoxylic acid, CHO.COOH. (8) 
Oxalic acid, COOH.COOH. 


“CH(OH),- 

(I) 


C(OIi)3 

(3) 


^CILOH 

C:(OUh. 

Us) 


The existence of this extensive series aSords a very striking 
demon^ation'of the validity of the theory of structure and 
valenci^. 
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128. Synopsis. — Corresponding with the halogen substitution 
products of the ethyl-acetic series, there is a series of hydroxy-^ ' 
derivatives, comprising alcohols, aldehydes, acids, and com- ■ 
pounds in which these functions are united in pairs. Jh^;. 
chief of these doubly-functioned compounds are the diprimary . 
alcohol glycol, and the dicarboxylic acid oxalic*acid. 
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THREE-CARBON DERIVATIVES 

CHAPTER XXIir 

THE GLYCEROL-MESO'XALIC SERIES 

127 . GlyceroI.^ — The alcohol, glycerol, with which the acids 
are c6inbined in the natural fats, is a trihydroxy-propane, 
analogous to glycol. It is obtained by distilling with super- 
heated steam the alkaline lye which remains after the saponi- 
fication of fat ; the glycerol vapour mixes with the steam, 
and is carried over and condensed with it, and on evaporating 
the distillate at a low temperature, is left as a syrupy liquid. 
It is dried by simple heating in an open vessel at about 175°, 

C3H5{O.GO.Ci7H35)3 +3H20 = C3H5(0H)3 -t-3Ci7H2g.CbOH. 

The hydrolysis is also readily effected by boiling the fat with litharge and 
water, the resultifig solution being simply filtered from the insoluble lead 
soap ; glycerol was originally obtained from olive oil in this way. , Com- 
merdnlly glycerol is prepared by direct hydrolysis of fgl'Mth sulphuric acid 
and isolated by di^iUation with superheated steaSn. 

Glycerol OX glycerine t CH2OH.CHOH.CH2OH (Scheele, 1^9 ; 
yAvKV?=sweet, K7/po?=wax)i is a sweet, viscid liquid, Which 
boils at 290°, without undergoing decomposition when pure ; 
^ ^ecific gravity of the liquid is i‘28 at 20°, and it freezes 
at adow temperature to a crystalline solid, melting at 20°, 

Themolecular formula of glycerol is CjHgOs. The presence 
of three alkylic hydroxyl groups is Shown by the formation of 
mono-, di- and tri-acetyl derivatives (§ 128), and it is thus 
a tri-acid alcohol of the formula C3H5(0H)3. By heating' ^th 
.hydriodic acid ajid phosphorus it is reduced to propane, jQf 
Vluchit is thus the trihydroxide (Berthelot, i854),aiid,.^it 
^i^lal^table cojgtpound, and can be distilled uuchaeged^-^tiw 
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t^ee hydroxyl groups must be attached to separate carbon 
atoms (compare Chloral and Orthoacetic Acid, §§ 115, 77). 

Glycerol is therefore represented by the constitution^ for- 
mula— 

CHgOH 

CHOH 

CH2OH. 

This is confirmed by its behaviour on oxidation (f 129), and by Its 
synthesis from isopropyl alcohol. The latter alcohol is converted into 
propylene and prc^lene dibromide in the manner already described, 
(§ 106), and the dibromide is converted into trichloropropane by energetic 
chlorination in presence of iodine, bromine and hydrogen alike being 
replaced by chlorine. This chloro-paraffin is identic^ with trichlorhydrin, 
,the trichloro-derivative of glycerol (§ 128), and is readily, hydrolysed to 
glycerol by heating with silver oxide and water. As isopropyl alcohol 
can be made hrom acetone, and thus from acetic acid and carbon, this 
constitutes a complete synthesis of glycerol (Friedel and Silva, 1873). 

C->-CH 3 .CHOH.CH 3 ^CH 3 .CH;Cna-?.CH 3 .CH«r.CHaBr 

, -I 

CHsCl.CHaCHaCI^CHaOH.CHOH.CHaOH. 

128. Ethereal Salts of Glycerol : the Glycerides. — The ethereal 
salts of glycerol are sometimes distinguished by the suffix -in. 
The hydrochloric acid salts or chlorhydrins are viscid or mobile 
liquids, according to the proportion of chlorine, and like the 
acetates are readily hydrolysed to glycerol. 

Mono- and^di-chlorhydrin each exist in two isomeric forms, differing in 
the position of the chlorine. The a-modifications, in which the secondary 
alcohol group is unaltered, may be formed by direct action of hydro- 
chloric acid, but a-dichlorhydrin is best made by the action of sulphur 
“ monochloride.” - The perfectly dry glycerol is heated on a witer-bath 
with the mono-chloride imtil hydrochloric acid ceases to be evolved. 
The dichlorhydrin is extracted from the product with ether, in which it is 
freely soluble, and the insoluble ethereal solution is separated with a tap- 
funnel and fractionated.. 

■C,H«OCOH)a + - C3H«oa] -h 3S + SO^ -f- iHCL 

ct^Dichlorhydrin, CH2CI.CHOH.CH2CI (Berthelot, 1854), is a colourless 
ethereal liquid, boiling at 176“; it is reduced to isopropyl dcohol by sodium 
ara^am, and oxidisdd to dichU^acetonet CH2CI.CO.CH2CI, by chromic 
acid, whence its constitution ; It is an important stepping-stone in the 
synthesis of citric acid (| 165). , i By the action of phosphorus penta; 
chloride, both dichlOThydrins are converted into the corresponding frf- 
or trichioropfopane, CH2a.CHCl.CH2a, which is a mobile 
liquid resemblii^ cMoroiorm, and boiling at 158*^. 

The cbbsthydrins form mtemal etbcfs analogoi^ to ethylene oxi^. 
When, for example, o-dichlcrhydrin is slowly poured into concentrated 
caustic soda« a v^orons aotkm takes place in the same way as with glycol 
chhwkydria,;aQSi Q>^cbhi#hydxi& 

M 
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EpicUorhydfin^ (Berthelot), is an oily ithereal litjilil# 

boiling at ii7^> Like ethylene oxide, it readily unites with hydrochloi^’ 
acid, and is reconverted into the dichlorhydrin. The corresponding' 

alcohol, glycide alcohol^^^'^ CHnOH, a liquid boiling at 162®, hs bb- 

tained by the action of potash on a-monochlfflrhydrin ; it resembles 
glycerol, and is easily hydrated to it. 

Glycerol nitrate, which is formed by adding glycerol slowly 
to a well-cooled mixture of concentrated nitric and sulphuric 
acids, is the well-known explosive nitroglycerine.” On pour- 
ing the solution thus obtained into a quantity of cold water, 
the nitrate separates as a heavy oil, which is washed until fr^ 
from acid, and dried with calcium chloride. 


Glycerol trinitrate or trinitrin, 03115(0. (Sobrero, 1847), isa colour- * 
less oil, which is sweet in taste, but poisonous, even when absorbed through 
the skin. Although it bums quietly in an open vessel, it explodes with 
great violence when struck or suddenly heated. On account of its un- 
certain behaviour, and for convenience in transport, nitro-glycerine is 
usually mixed with three times its weight of an absorbent siliceous earth, 
and in this form is known as dynamite (Nobel). 

Explosive substances, such as glycerol trinitrate, cannot be analysed 
by the usual methods ; as a general rule, the compound is sealed up in a 
hard glass tube with excess of copper oxide, and the tube embedded in 
plaster of Paris and heated to redness ; the explosion is confined to the 
tube, so that the gaseous products can be drawn off and analysed. 

The three acetates or acetins already mentioned are viscid liquids of 
high boBing point ; they are formed by heating glycerol with glacial 
acetic acid or acetic anhydride, the number of acetyl groups entering into 
combination depending on the temperature and proportions. Mono- 
and di-forminoie similar substances ; the latter is an oily liquid which can 
be extracted with ether from the residue obtained in the preparation of 
formic acid from glycerol and anhydrous oxalic acid ; when heated With 
anhydrous oxalic acid it yields formic acid and carbon dioxide. The 
tributyrate or tributyrin is the ethereal salt in which the butyric acid 
exists in butter fat. 

The salts of glycerol with Organic acids are sometimes 
termed the glycerides » The common fats are glycerides of the 
fatty and related acids,* and can in some cafes be made 
by direct synthesis. Stearin or glycerol iristearate, 
(O.COiCjyHgg)^, which can be isolated from mutton fat by 
fractional crystallisation tiom ether, is also formed by heating 
afj^bric acid with glycerol at a high temperature ; the product 


- • IkanoUn, or wool fat, however, which is distinguished by its. property 
of passing through the s^, is a mixture of the fatty add esteis of .didl- 
fa^An>i>C^sH4a. OH, a crystalline aliphaticidcohol, which alsooGrarsia^tj^ 
fc^ state in red blood corpuscles. 
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edther source (aystallises in lustrous plates, melting at 
^ three palmitins and triolein (§ 48) have been syn- 
tiiesised in the same wayr 

129. Oxidation Products of Glycerol, — As glycerol contains a 
secondary alcohol group in addition to the two primaty groups 
of glycol, it i^ obvious that its oxidation products must be 
more complex (compare § 125). The majority of these oxi- 
dation products are known (see Scheme), the most important 
being ^lyceraldehyde, glyceric acid and mesoxalic acid. 

Glyceraldehyde or glycerose is readily prepared by oxidising 
glycerol with hydrogen peroxide in presence of ferrous sul- 
phate (Fenton, 1899). 

The diluted glycerol is mixed with some fresh ferrous sulphate solution 
and concentrated hydrogen peroxide is slowly added, the rapid rise in 
temperature being moderated by immersing the vessel in cold water. 
When the reaction is over, the cooled product is well shaken with freshly 
precipitated barium carbonate to remove the iron and sulphuric acid, and 
the clear filtrate containing the glycerose is evaporated under diminished 
pressure [i.e. at a comparatively low temperature). 

Glycerose or glyceric aldehyde, CH2OH.CHOH.CHO, is a 
sweet syrup, which resembles glycollic aldehyde in all its 
actions. Like the lower aldehyde it is polymeric with for- 
maldehyde, and is convertible into more complex aldehydes 
(sugars) by further polymerisation (§ 188). 

Like all aldehydes, glyceraldehyde is oxidised by silver 
oxide to the corresponding acid, glyceric acid ; this is better 
prepared, however, by direct oxidation of glycerol with diluted 
nitric acid. 

A mixture of glycerol and water is placed in a tall narrow cylinder, and 
a layer of fuming nitric acid introduced beneath it by means of a thistle 
funnel ; at the end of a week the nitric acid has inter-diffused with and 
oxidised the glycerol, and the product is then evaporated to a syrup on a 
water bath. The crude glyceric acid is diluted and boiled with calcium 
carbonate, and the recrystallised calcium salt is suspended isi water and 
decomposed with oxalic acid ; on evaporating the clear liquid the glyceric 
acid remains as a syrup. 

‘ Glyceric or dihydroxypropionic acid, CH2OH.CHOH.COOH 
(Debus, 1858), is a syrupy acid liquid,- which has not been made 
to crystallise ; it is converted by phosphorus diiodide into 
j 5 -iodopropionic acid {§ 132). 

The theoretical end product of the limited oxidation of glycerol, mes* 
acid, can only be obtained from it by indirect processes, as it is not 
It is prepared by hydrolysis of alloxan, an oxidation product of 
uric a(^ (i9S}> with bar^a wat^, the resulting barium mesoxaiate being 
decomposed with dilute sulphuric add. 
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Mjfsoxalic acid, COOH.CO.COOH +H 2 O (Liebig and Wohler, 1838), Is 
a crystalline substance, melting at 119", It loses its water only with 
difficulty* so that the latter is possibly combined in hydroxylic form with 
the ketonic group, in the same way as in chloral hydrate. As a ketone the 
acid forms a phenylhydrazone, a yellow crj^talline substance melting at 
164“ ; it is reduced by sodium amalgam to the corresponding secondary 
alcohol, tartronic acid, COOH.CHOH.COOH, a similar crystalline sub- 
stance, which may also be prepared by the action of silver oxide on bro- 
momalonic acid, COOH.CHBr.COOH (see § 148), or by boiling dihydroxy- 
tartaric acid (§ r6o) with water- When mesoxalic acid is heated, it is 
decomposed into carbon dioxide and glyoxylic acid, whilst by evaporating 
its aqueous solution it is largely resolved into carbon monoxide and oxalic 
acid. 

CO;. + CHO.COOH ^ COOH.CO.COOH COOH.COOH + CO. 

By dehydration, or dehydration and reduction, glycerol is convertible 
into olefinic derivatives, which are considered in the following chapter. 

130. Synopsis.— Glycerol is a trihydroxy-propane analogous 
to glycol, and its ethereal -salts with the fatty acids constitute 
the ordinary fats. It is prepared from the latter by saponifi- 
cation or hydrolysis, and can also be made from its elements. 
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CHAPTER XXIV 


THE UNSATURATED ALCOHOLS AND ACIDS , 

131. Allyl Alcohol and its Derivatives. — Before passing to 
the remaining oxygenated derivatives of propane, some com- 
pounds related to 4)ropYlene and other unsaturated hydro- 
carbons must be considered. The primary alcohol derived 
from propylene is termed^ allyl alcohol, its sulphide, prepared 
by distilling allyl iodide with potassium sulphide, being 
identical with the oil which is obtained by distilling garlic 
{allium) with steam (Wertheim, 1844). 

.Allyl alcohol is easily made by reducing glycerol with 
formic acid (Tollens, 1870). If in the preparation of this acid 
from oxalic acid and glycerol the heating is continued 
after distillation has ceased, the evolution of carbon dioxide 
recommences, owing to decomposition of the monoformin 
(§ 128) ; oily drops of the unsaturated alcohol then begin to 
run down the sides of the flask, and presently distil over. 

CH2OH.CHOH.CH2.O.CO.H = CHaOH.CHXHa+COg +H3O. 

The portion of the liquid which distils whilst the temperature of the 
reacting mass is rising from 190” to 260° is saturated with solid caustic 
potash, and left in contact with excess of this agent for some days, by which 
time all the acrol^ and water, as well as the formic acid, have been elimin- 
ated. Finally the whole product is distilled from an oil-bath, and on re- 
distillation is pure. 

The yield is increased by adding a trace of ammonium chloride, in order to 
convert the small quantity of sodium oxalate, which is usually present, 
into the amm onium salt. 

Allyl alcohol, CH2:CH.CH20H (Cahours and Hofmann, 
1857), is a colourless pungent liquid, which boils at 97®, freezes 
at — 90°, and has a specific gravity of 0*871 at o®. The pre- 
sence of alkylic hydroxyl is proved by the formation of an 
acetate, when the alcohol is mixed with acetyl chloride, and 
that of the primary alcohol group by its oxidation to an alde- 
hyde and acid containing the same number of carbon atoms. 
As the molecular formula of allyl alcohol is CjH.O (also 

167 
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that of acetone), this result leads to a rational formula, 
C3H3.CH2OH, containing the unsaturated vinyl radical, €2^3 i* 
the alcohol is therefore an unsaturated compound, and pre-f 
sumabiy an ethylene derivative. 

The presence of an ethylene linkage is finally established,,;, 
by the instant decolorisation of bromine water, and reduction 
of cold, dilute, alkaline permanganate by the liquid. Allyl 
alcohol is- thus hydroxy-propylene, and bears the same * 
relation to propyl alcohol as propylene to propane. 

CHaiCH.CHg CH2;CH.CH20H CH^.CHa.CHgOH 
Propylene Allyl alcohol «-Propyl alcohol 

Allyl iodide is readily prepared from glycerol by the^actioa of iodine a^d 
phosphorus. Yellow phosphorus, in small pieces, slowly added to a piix 
ture of dry glycerol and powdered iodine, air bdftg excluded by a slow 
stream of carbon dioxide ; there is a brisk action after each ad^tion of 
phosphorus, and the iodide at once distils off, gentle heat being applied 
if necessary. Isopropyl iodide is formed if water is added. On redistilling 
the dried heavy layer of allyl iodide, it passes over within two or three 
degrees of its boiling point, and is fairly pure. 

To completely eliminate the isopropyl iodide, the product is shaken with 
alcohol and metallic mercury, with which the unsaturated iodide formSia 
crystalline, additive mercury compound, CgHjHgl ; this is recrystallised 
from hot alcohol, and decomposed by shaking the still moist crystals with 
the exact amount of iodine required to combine with the mercury. 
CH^OH.CHOH.CHaOH ^ [CH.LCHI.CHJ] CHa:CH.CHaI + 

Allyl iodide, CH2:CH.CH2l (Berthelot, 1854), is a heavy colourless liquid, 
which boils at ior°, and has a pronounced odour of garlic. Its constitu- 
tion is established by its relation to allyl alcohol, into which it is converted 

• by wanning with lead oxide and water, and from which it is formed by the 
action of phosphorus and iodine. When wanned with hydriodic acid, it 
is converted into isopropyl iodide, owing probably to the intermediate 
formation of propylene. 

CH,.CHl.CHa [CHaiCH.CH^l <- CH,;CH.CH,I CH,:CH.CH20H. 

The first allyl compound obtained was the isothiocyanate or oil Of 
miistard (Lefebvre, 1660, § 2J0). 

132 . Acrolein and Acrylic Acid ; Crotonic Acids. — ^The aldehyde 
formed by oxidising allyl alcohol with chromic acid is con- 
veniently made by dehydrating glycerol, by heating with 
twice its weight of acid potassium sulphate. The distillate 
obtained from well-dried materials is nearly pure acrolein, 
CHjOH.CHOH'.CHaOH := CHa:CH.CH0-|-2H20. 

Aptylic aldehyde or acrolelny CHaiCH.CHO (Redtenbacher^ 
i|43), is a mobile liquid, which boils at 52^, and is intolei^y 
^ij^ngent and irritating in odour ; it is very unstable, and soon 
j^ymeris^ spontaneously to a white translucent 4^^ 

• resemblfog porcelain. As an aldehyde, acrcdem redder 
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silver, ioloiirs bleached rosaniline, and is resinified by caustic 
soda, etc. ; it is easily reduced to allyl alcohol by zinc and dilute 
hydrochloric acid, and is oxidised by silver oxide to the corre- 
sponding acid, acrylic acid. As an ethylene derivative it 
combines directly with bromine. 

The additive compound, acrolein dihromidet CHjBr.CHBr.CHO, is con- 
varted by ice-cold baryta water into inactive hruCtose { § 187), a sugar which 
is closely related to and convertible into some of the natural sugars. 

When acrolein-ammonia is distilled with ‘phosphorus pentoxide, it is 
converted into picoUne (§ 372), a basic substance closely related to the 
vegetable alkaloids. 

Acrolein is readily oxidised to acrylic acid. The aqueous 
solution is digested ^th Silver oxide in the dark ; the product 
is then boiled, and The silver precipitated from the resulting 
silver acrylate with sodium carbonate ; the sodium acrylate 
is distilled with dilute sulphuric acid, and the pure acid ob- 
tained by -decomposing the dry lead salt with hydrogen sul- 
phide. 

Anhydrous acrylic acid may also be prepared by the action of reduced 
copper, containing a little iron, on aS-dibromopropionic acid, CH2Br.CHBr, 
COOH, a crystalline substance which is readily obtained by oxidising allyl 
alcohol dibromide. * • 

j ^ CHa:CH.CHaOH ^ CHBr.CH Br.COOH 

CHaOH.CHOH.CHaOH > CH^iCH.CHO > CHaiCHXOOH 

Acrylic acid, CH2:CH.COOH (Redtenbacher, 1843), is a 
liquid which closely resembles acetic acid in appearance and 
odour, but is easily distinguished from the saturated fatty 
acid by instantly decolorising bromine ; it boils at 141°, and 
residily freezes to an ice-like solid, melting at 10°. 

Acrylic add Is a distinctly stronger acid than acetic or propionic acid, 
its dissociation constant being K =o‘oo56 ; the loss of two hydrogen atoms 
thus converts the positive ethyl group into the slightly electronegative 
vinyl group ; the acid is therefore more reactive than propionic acid in 
two ways : it is a stronger acid, and it is an unsaturated compound 
(compare Propio^P Add, § 134}. As an acid, acrylic acid forms the usual 
salts, but its ethereal salts can only be made indirectly, owing to the re- 
activity of the unsaturated radical with the ordinary esterifying agents. 

As an ethylene derivative it^unites directly with bromine, forming the 
above dibromopropionic add ; and for the same reason it is oxidised by 
dilute alkaliim permai^anate to glyceric acid, a hydroxyl group being 
added in the normal manner to each of the ethylene carbon atoms ; when 
boiled with zinc and dilute hydrochloric acid, it is reduced to propionia 
acid. 

Acrylie add also imites with hydriodic acid, forming p-iodopropionic 
CE^I.Ql^COOH, a crystalline substance which is reconverted into 
the unsaturatM sudd by d&tillation with Uthai^. / 3 -todopropionic acid 
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is alsa formed when phosphorus diiodide is ndxed with glyceric ucid } th^ 
is a violent actioo, and on heating the product it clears to a liquid whiM 
crystallises on cooling j the crude acid is recrystallised from hot hgnt 
petroleum. 

CHaOHXHOH.COOH->CH 3 l.CH 3 .CX)OH-<-)CHa:CH.COOH, 

When acrylic acid is fused with caustic potash, it is oxidised to potassium 
formate and acetate, the molecule being broken at the ethylene linkag^ 
CHaXH.COOH +.ZKOH =• H.COOK + CHj.COOK + H,. 

We have noted that one of the condensation products of acetaldehyde 
is an aldehydic substance, crotonaldehyde 5 this is readily formed by 
heating aldehyde with zinc chloride and a few drops of water, for a day or 
two, at I5o^ and is purified by fractionating the product. 

CHj.CHOH + CH^.CHO ->• CH,,.CHOH.CH2.CHO ^ CHs-CHiCaCHO + HaO. - 

Crotonaldehydfi, CHs.CHiCH.CHO, is a liquid which resembles acrderm 
but boils at 105^ It is converted by silver oxicle into the corresponding 
CTolonic acid, CH3.CH:CH.C00H, a crystalline substance of butyric odour, 
melting at 72“. Crotonic acid is also formed when /S-hydroxybutyric acid 
(§ 143) is distilled with sulphuric acid; its constitution follows from its 
reduction to normal butyric acid by zinc and acid, and its conversion by 
dilute alkaline permanganate into the alkali salt of dihydroxybutyric acid; 
this acid yields acetic add when further oxidised and is thus a methyl 
compound. 

eH 3 .CHa.CHa,C 00 H<-Cll 3 .CH:CH.C 00 H 

l^CHg.CIIOH.CHOH.COOH^CHa.COOH, 

There is a second crotonic acid of precisely the same constitution, the 
existence of which, and other similar compounds, has led to a further 
development of the theory of structure (§ iSS)- 

133. The Acrylic Series : Oleic Add.— The most important of 
the higher members of the acrylic series is oleic acid, a com- 
pound which bears the same relation to stearic acid as acrylic 
to propionic acid. Its glycerol salt, triolein, is readily 
separated from olive 01; almond oil by cooling -v^th ice j the 
bplk of the accompanying stearin and palmitin crystallises 
out at once, and the remainder separates on diluting the 
residual oil with alcohol and again cooling ; the alcohol is then 
distilled ofi, and the olein fractionated under low pressure 
(§ 143 )' 

Oleic acid is prepared by boiling crude triolein with lead 
oxide and water, and extracting the lead oleate from the 
mixed lead soaps with ether, in which it is freely soluble ; the 
lead is precipitated from the ethereal solution with hy^- 
chloric acid, and the acid is left in a fairly pure state. ph 
evaporating the filtrate. , “ * 

; Ofe|ca£»rf,CHs.[CH2]7.CH:,CH.[CH,VeOOH(Chevreul,i8ii), 
is a colourless, odourless oil, which^lidifies ata low teili|)era- 
to a crystalline solid melting at 14® ; it is 
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hy&iodic and phosphorus at 200° to stearic aoid^ wh^ce 
Its normal constitution, and is oxidised by fusion with potash 
to potassium palmitate and acetate. ' 

As an ethylene derivative, oleic acid decolorises bromine, 
forming an oily additive compound, dibromostearic acid^ and 
it is oxidised by dilute alkaline permanganate in the normal 
manner to the corresponding hydroxy-compound or glycol, 
dihydroxy stearic acid, Cj^jH33(OH)2.COOH (Saytzeff, 1885), 
a crystalline substance melting at 134®. 

This dihydroxy-acid is resolved by further oxidatioa into two nine- 
carbon acids : pelurgotiic acid, CgHj^^.COOH, a normal fatty acid boiling at 
254®, and azelaic acid, COOH.C7Ht4.COOH, a normal homologue of oxalic 
acid, melting at 106® ; the hydroxyl groups, and thus the -ethylene linkage 
ate therefore at the centre of the molecule. Fusion with potash often 
causes molecular transposition, and is valueless as a test of constitution 
(compare Dihydroxybenzeaes, § 302). 

CH3.[CH J,.CH;CH.[CH J,.COOH ^ CH 3 .[CH,b.CHOH.CH 0 H.[CH,],.COOH 

CHa.ECHaJj.COOH + COOH.fCHalj.COOH 4 - CH3.tCH2l7.CO.CO.iCII2l7.COOH. 
When oleic acid is treated with nitrous anhydride, it is converted into 
elaidic acid, a crystalline solid which melts at 45‘’» but has exactly the same 
constitution (compare § 155). 

134 . Propargyl Alcohol : Propiolie Aldehyde and Acid.— Only 
one alcohol of the acetylene series is known, namely propargyl 
alcohol, which is formed by heating bromaUyl bromide with 
alcoholic potash ; the bromallyl bromide is made by heating 
tribromhydrin (compare § 128) with aqueous potash. 

CHaBr.CHBr.CH2Br->CH2:CBr.CH2Br->CH i C.CH2OH. ^ 

Propargyl alcohol, CHiC.CHaOH (Henry, 1878), is a liquid 
of pleasant odour, boiling at 115°* As an alcohol it forms 
esters, such as propargyl hromide,C^\C.CYi^^x, and propargyl 
acetate ; whilst as an acetylene derivative it yields metallic 
compounds such as the cuprous compound, Cu2(C j C.CH20H)2, 
an explbsive^yellow solid. The esters of propargyl alcohol 
also fonn metallic compounds. 

The aldehyde corresponding with propargyl alcohol is pre- 
^red by a similar process from the acetal of acrolein dibro- 
mide, 

This compoiuid is converted by alcoholic potash into propiolie acetalt 
Cii j C.CH(OEt)2,a stable liquid boiling at 141", and on hydrolysing this 
acetal with dilute sulphuric acid, propiolie aldehyde is obtained. 

■ CH,:CH.CHO CH2:CH.CH(OEt)2 CH3Br.CHBr.CH(OEt)a ; 

: 3 . i QIflBr.CHBr.CHCOEt)a -> CH:CCH(OEt),-<-» CH; C.CHO. 

^ aldehyde f GHj C.CHO (Glaisen, 1898), is a liquid of 

lotoi^y irritating odour* boiling at 6 j® ; it resembles acrolein 
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in its general actions, and as an acetylene derivative forms 
metallic -compounds. The acetylenyl group is so intensely 
negative that propioHc aldehyde is hydrolysed by alkalies in 
the same way as chloral, gaseous acetylene being liberated. 

CH : C.CHO + NaOH = CH i CH + H.COONa. 

The potassium salt of the corresponding acid is obtained 
when the acid potassium salt of acetylene-dicarboxylic acid, 
COOH.CJC.COOK (§ 156), is heated with water. 

PropioHc acid, CHJ C.COOH (Bandrowski, 1880), is a liquid 
resembling acrylic and acetig acids ; it boils at 144°^ and 
solidifies in the cold to silky crystals melting at 6®. 

Owing to the electronegative character of the acetylenyl radical, propio- 
lie acid is a very powerful acid, and readily forms esters such as ethyl pro- 
piolafe,Cll[C,COOEt, a liquid boiling at 112®. As an acetylene derivative 
it yields explosive silver and copper compounds ; it is reduced to ac ylic 
acid by sodium amalgam, and by prolonged boiling with water is converted 
into carbon dioxide and acetylene (compare §§ ri4, ir6). 

COOH.CjaCOOK CHiCCOOK CHiC.COOH > CH|CH 

Several homologues of propiolic acid are known. The sodium salt of 
tetroiic acid, CHj.C • C.COOH, is formed by direct combination of sodium 
allylene with carbon dioxide in ether. Like allene, tetroiic acid does not 
form metallic compounds j it is reduced to crotonic acid by sodium amah 
gam. 

CH^X iCNa + C0a=CH3.C|C,C00Na. 

Sof6ica«'d, CH3.CH;CH.CH:CH.C00H, a crystalline compound melting 
at 134*^, occurs naturally in the unripe berries of the mountain ash, 
and can be prepared synthetically from crptonaldebyde and malonic acid 
( § J48) ; it is a diolefinic compound, and not a true homologue of propiolic 
acid, Linoleic acid,, C^yHjj.COOH, is the active constituent of linseed and 
other “ drying oils ; the liquid acid and its glycerides and salts oxidise 
with great rapidity to solid resinous substances ; hence when paint is made 
wi^ linseed oil it rapidly becomes dry and hard. 

, 1S6. Synopsis. — The higher olefines and acetylenes- are con- 
nected with alcohols and acids, which are similar to the paraflSln 
alcohols and acids, but unsaturated. AUyl alcohol and acrylic 
. acid are typipal members of the first class, and propargyi 
alcohol aM propiolic acid of the second. 
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CHAPTER XXV 

THE FOUR LACTIC ACIDS ; STEREOISOMERISM 

136 . Fermentation Lactic Acid.— When milk turns sour, the 
ijiilk-sugar is converted by a microscopic fungus, bacillus lacti, 
into lactic acid, a compound which bears the same relation to 
propionic acid as glycoUic to acetic acid ; it is conveniently 
prepared from cane-sugar by a similar fermentation. 

The sugar is dissolved in water and acidified with tartaric add, and after 
a few days sour skim milk and a little putrid cheese are added, to provide 
and nourish the ferment. At the same time, zinc carbonate is stkred in 
to neutralise the acid as it is formed, which would otherwise stop the actidh- 
The mixture is kept warm for a week, and frequently stirred, and on boiling 
and filtering the semi-solid product, zinc lactate crystallises out.’" 

The free acid is obtained by decomposing the zinc salt, suspended in 
water, with sulphuretted hydrogen. The filtered solution is concentrated, 
and the lactic acid separated from admixed mannitol (§ 182) by ex- 
traction with ether, in which the mannitol is insoluble. 

Lactic acid is also formed by heating various sugars with caustic alkali. 
Thus when invert sugar (§ 169} is heated with strong caustic soda solution 
for some hours at a moderate temperature, the solution loses the character- 
istic reducing properties due to the sugar, and after neutralising the alkali 
lafctic acid can be separated by means of its zinc salt (Hoppe-Seyler, xSyr). 
It is also formed synthetically in various ways ; and was first synthesised 
by the action of nitrous acid on alanine (Strecker, 1848, § 220). 

Fef mentation or inactive lactic acid^ CH3.CHOH.COOH 
(Scheele, 1780), is a syrupy liquid, having a specific gravity of 
I *24^ at ; it is decomposed when distilled under or dinar y 

pressure, but when fractionated under the lowest pressure of a 
mercury pump (0-5-1 mm.) distils unchanged at about 85% 

* If the fermentation be continued, the lactate is converted by a 
tueenad ferment into the butyrate, with evoiiUion of hydrogen and I 
earbon^ dioxide. For this purpose calcium carbonate is better .than tfan 
.tbifi salt. The ma$s eventually beconfes liquid, and as soon as jb{je 
iivblntion of gas has ceased, the lime is precipitated wil 
and ^ th^ sodium butyrate decompo^ with 
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■ 4: • 

and then sets to a very hygroscopic, crystalline solid, melting 
’^it 18®. The dissociation constant of lactic acid is K =: o-oi 38. 

137 . Constitution 0! Laetic Acid. — ^From the composition of its 
metallic salts, such, as zinc lactate ^ Zii(C3H,-,03)2+3Ha0, lactic 
acid is a monobasic acid ; and as hydrogen is displaced from 
its sodium Salt by metallic sodium, and from the acid itself by 
acetyl chloride, it is also an alcohol. 

As it is converted into propionic acid by heating with 
hydriodic acid and red phosphorus, lactic acid is thus a 
hydroxy-propionic acid analogous to glycollic acid ; it was in 
fact the first compound recognised as belonging to two classes. 

Its duality, like that of glycollic acid, is illustrated by the action of phos. 
pborus pcntachloride, which converts it into ct-chloropropionyl chloride* 
identical with that which is obtained by chlorinating propionyl chloride , 
This chloride is hydrolysed by water to a-chloropropionic acid, and is thui 
an acid chloride, whilst it is hydrolysed by alkies to the alkali lactate- 
so that it is also an alkylic chloride (Wurtz, Kolbe, 1859). 

C*Hi(OH).COOH ^ CaH*Cl.COCl-> CaH^Cl.COOH > CaHs.COOH 

{ t ' I ^ 


•Like glycollic acid, lactic acid forms esters and ethers both 
as an acid and an alcohol. Ethyl lactate^ the ester formed 
by saturating an alcoholic solution of the acid with hydrogen 
chloride, is nevertheless an alcohol, for it is converted by 
sodium and ethyl iodide into ethyl ' eihyl-lactaie^ a neutral 
liquid boiling at 154®. 

CaH4(OH).COOH C2H4(OH).COOEt C^H^fONal-COOEt : 

C2H4CONa).COOEt -> CaHifOEtl.COOEt > CaHJOEtl.COOH. 

This compound is in turn both an ester and an ether, for when boiled 
with caustic alkali it is resolved into alcohol and a salt of ethyUlactic acidf 
a syrupy liquid which is both an acid and an ether. 

When lactic acid is heated it is converted into a double' Internal 
ester, a crystalline substance which melts at 124°; on account of 

its neutral ester character this is represented by a formula, in which the 
carboxyl group of the one molecule is united with the alcohol group of 
the oth^, and vice vmA» 



These resulte, while proving that lactic acid is hydroxy- 
propionic acid, are insufficient to determine fuUy its constitu- 
fion. According to the theory of substitution two hydroxy- 
propionic acids are possible ; namely a-hydroxypropionic acid, 
in whi^ ^ hydroxyl STpnp is next the carboxyl, and the 
jS-hydroty-acid, in wMch it is further removed* 
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CH3.CH2.cooH. / 

The a-constitution is decisively established by thfe inter- 
convertibility oi the acid with ace^dehyde. When lactic 
acid is heated with dilute sulphuric acid in a sealed tube at 
120®, it is hydrolysed to aldehyde and formic acid. Con- 
versely, it is itself formed when aldehyde hydrocyanide ia 
hydrolysed (Wislicenus, 1863). 

If a mixture of aldehyde with concentrated hydrocyanic and hydro- 
chloric acids be kept until ammonium chloride ceases to separate, lactic 
acid is produced almost quantitatively, and can be extracted from thii 
product with ether. 

As the acid is interconvertible with acetaldehyde, it must 
contain the ethylidene nucleus of this substance ; hence the 
methyl or /3-group is intact, and lactic acid is the a-hydroxy- 
derivative of propionic acid. 

c^3.c:hoh.cooh OH3.CHO+H.COOH 
C^3.CH0H.CN-^I . • 

• The constitution, of lactic acid as a secondary alcohol (the 
/3-acid is a primary alcohol) is further indicated by its oxidation 
by dilute permanganate to the corresponding ketonic acid, 
pyroracemic acid, and its formation from this acid by 
reduction with zinc-dust and water. 

Pyroracemic ot'Pyruvtc acid, CH3.CO.COOH, which is readily prepared 
by Stilling racemic or tartaric acid (§ 159) with potassium pyrosulphate 
is a liquid which boils at 168^^, freezes at 9°, and smells like acetic acid i its 
dissociatlSii constant is K =0'56, so that the substitution of oxygen for two 
atoms of hydrogen increases the acidity of propionic acid more than three- 
hundredfold. As a ketone, pyroracemic acid forms a phenylhydrazone, an 
inwluble, yellow crystalline substance melting at 192° ; and when oxidised 
it is resolved^fn the normal ketonic manner, into acetic acid and carbon 
dioxide ; iU constitution is confirmed by its formation from acetyll&loride 
by tho^cyanide synthesis. 

^ CH,iC0Cl -► CH3.CO.CN > CH3.CO.COOH CH3.CH0H,C00H 

+-~>CH3.C00H + C03<~l 

Lactic" acid is also formed by oxidising propylene glycol with 
air in presence of platinum black ; its molecular weight was 
first established in this manner (Wurtz, 1857). 

CH3.CBBr.CH2Br CHa.CHOH.CHaOH CH3.CHOH.CG0H 

f fc' Hydraerylie Acid.— The second hydroi^-propionic ^ 
lene-lactic acid, is prepared by warming / 8 -iodopropiomc 
(§ 132) with silver oxide and waiter, and evaporating Ihe 
in a vacuum over sulphuric acid, is "alsa ^drm^ 

/3-^ro^f^ oir ifimethykne which ksittdci 
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*from ihttrimethylene bromide prepared by direct union of allyl 
bromide with hydrobromic acid. 

CHaLCHa.COOH-^CHaOH.CHa.COOH ; 
CH2:CH.CH2Br->€H2Br.CH2.CH2Br>CH20H.CH2.CH20H. 

Hydracrylic or ethylene-lactic acid, CH2OH.CH2.COOH 
(Wislicenus, 1863)^ is a syrupy liquid resembling ordinary 
lactic acid. 

Its dissociation constant is K =0-0031, so that the introduction of a 
hydroxyl group in the / 3 -position only slightly increases the acidity of pro- 
pionic acid. As an aicohol-acid, hydacrylic acid is converted by phos- 
phorus pentachloride into an alkyl-acid chloride, ji-chloropropionyt chloride, 
but it differs from ethylidene -lactic acid in that it is converted by oxidising 
agents into carbon dioxide and oxalic acid. It is resolved, moreover, by dis- 
tillation, h^ot into an internal ethereal salt like lactide, but into acrylic acid 
and water ; conversely acrylic acid is converted into sodium / 3 -lactate by 
simply boiling with aqueous caustic soda. 

CH^jOH.CHa.COOH -t->- CH,:CII.COOH -H H^O. 

The constitution of / 3 -lac tic acid is confirmed by its forma- 
tion from ethylene chlorhydrin by the cyanide synthesis. 
CH2;CH2->CH20H.CIi2Cl>CIl20H.CH2.CN^CH20H.CH2.C00H.' 

139 . The Active Lactic Acids : Optical Activity. — Although 
according to the theory of structure there should be two 
hydroxy propionic acids, and only two, there are actually 
four. The third, or sarcolactic acid, « found in muscle, and 
therefore in extract of meat, from which it is isolated by 
precipitating the albumen, etc., with alcohol, and extracting 
the acidified, alcohol-free filtrate with ether (Liebig, 1847), 

Sarcolactic acid, CH3.CHOH.COOH (Berzelrus, 1808), ia a 
syrup, which resembles fermentation lactic acid in almost 
every respect ; all its actions show that it is a-hydroxy-pro- 
pionic ^cid. With the exception of the solubilities of their 
salts [zinc sarcolactate, for example, is more soluble than the 
corresponding salt of fermentation lactic acid), the two acids 
are chemically identical. 

Physically, however, they differ widely, for whilst fermenta- 
tion lactic acid is without action on polarised light, sarcolactic 
acid rotates the plane of polarisation of such light in a positive 
direction, or, as it is termed, is optically active, and dextro- 
gyrate [a]n==-l-3'5°. 

The rotation of the plane of polarisation by an optically active substance 
is proportional to the thickness of the layer traversed by the light, and to 
the strength of the solution, and is usually expressed in terms of the specific 
rotatory power, i.e. the rotation which would be caused by a layer lo cm, 
fffick of a solution containing i gram of the substance per cc. The specific 

N 
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rotatory power is denoted by the symbol [alo (sodium light being used), 
and is constant for each substance, provided that the temoerature and 
concentration are constant. 


actual rotatioD 

■* thickness of layer in dcm. x ^ms oi active substance ^ 
In a measurement of the rotatory power of sarcolactic acid 
7 grams were made up to 30 cc. at 


The polarimeter having been adjusted to zero, and a a-decimetre tube 
tilled with the solution, the analysing prism had to be 

rotated + 0-95*. 


to produce the same appearance of the field. Hence the specific rotatory 
power was 


. +0*95x50 - 

The optical activity of a substance is sometimes expressed in terms of its 
molecular rotation 


[MId 


[a]n X m 
TOO ' 


i.e. the rotation which would be produced by 10 cm. of a solution con- 
taining 1 centigram-molecule per cc. (m =molecular weight). 

Sarcolactic acid can also be made by fermentation. When commoa 
mould, penicillium glaucum, is allowed to grow on a solution of ammonium 
iactate, aminoaium sarcolactate is formed ; and by means of a special 
ferment, micrococcus paralacti, grape-sugar is directly convertible into 
sarcolactic acid. But however the acid is prepared, its specific rotatory 
power is constant. 


The fourth lactic acid (Schardinger, 1891) is formed by the 
action of bacillus Isevciacti on cane-sugar. It resembles sar- 
colactic acid in every respect, with, the exception that it is 
laevogyrate, the specific rotary power being [a]i,= “3'5°. It 
is therefore termed laevolactic, or \-lactic add, as distinguished 
from dextrolactic or d~lactic acid, and inactive lactic or i-lactic 


acid* 


When dextrolactic and Isevolactic acids are mixed in equal 
proportions, a product is obtained, which is not only inactive, 
but identical with fermentation lactic acid ; similarly when 
equal weights of the easily soluble zinc salts of the optically 
active acids are dissolved together in warm water, the 
sparingly soluble inactive zinc lactate rapidly crystallises -put 
(Schardinger, 1891). - 

Conversely, if a solution of the strychnine salt of inactive 
lactic acid be concentrated, the crystals which first appear 
consist of strychnine Icsvolaciaie, whilst the more soluble salt 
remadning in the solution is the corresponding dextrol^tate 
(Purdie, 1892). 

Sfryduiine (§ 462) is an optically active (bevogyrate) base, and as the 
Votat^ power of a salt is the sum of the rotatory powers of the ions 
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composing it, strychnine i-lactate and Mactate are not optically opposite. 
Hence they are not chemically identical, and their solubilities are difierent. 

It is evident that fermentation lactic acid is either a 
mixture or a molecular compound of dextro- and kevo-lactic 
acids, and that all three have precisely the same constitution.^ 

i-Lactic and /-lactic acids are termed optical anti- 
podes, and i-lactic acid is said to be formed from them by 
external compensation {§ 163). 

140. The Asymmetrical Carbon Atom : Solid Formulae. — ^The dif- 
ference between the three ethylidene lactic acids cannot be 
represented by means of ordinary structural formulae. The 
common formula of the three acids difiers, however, from 
that of hydracrylic acid, not only in the position of the 
hydroxyl group, but in that the central carbon atom is linked 
to four different groups and thus placed asymmetrically 
in the molecule, 

CHa 

H— ^OH 

1 ■ 

COOH 

Asymnietrical Structure of Lactic Acid, 

Assuming that the four valencies are distributed around 
this central atom at equal angles in space, instead of in a plane, 
two solid formulae become possible (Le Bel, Van't Hoff, 1874). 
The postulate is geometrically equivalent to representing the 
atom as a regular tetrahedron, to the apices of which the four 
nroups are linked * (Fig. 19). 


CHa CH. 



COOH COOH 

Solid FormulcC of the Lactic Adds. 

In both formuke the four groups are linked to the central carbon atom, 
as in the plane formula, so that the structures are identical. Never- 
theless, the formulae are not identical ; if the right hand be superposed on 
the left hand formula in such manner that the two methyl groups and 
the two carboxyl groups coincide, then the hydroxyl of the right hand 
falls over the hydrogen of the left hand formula, and vice vend. 

The two solid formulae are, in fact, mirror images of each other; 
the imaga of the left hand tetrahedron seen in the mirror ia identical in 
appearance with the right hand tetrahedron, although the arrangement 
of the groups around the tetrahedra themselves is different. They are 
related, mmeover, in the same way as the rotatory powers of the two 

* These fonnuke are best studied fnxa models. (See Appendix I.) 
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acids, for, looking from above, the sequence, H, OH, COOH, is clock- 
wise in the right hand, and anticlockwise in the left-hand formula. , 

There is a further analogy, which although not yet proven in the case 
of the lactic acids, has been fully established in other similar cases {see 
Tartaric Acids, § 163). The crystals of optical isomerides are usually 
hemihedral, and the two kinds of crystals, like the two formulae, are 
ifiirror images of each other, or enantiomorphous (cvamos — 
opposite). 

The active lactic acids are thus adequately represented by the single 
solid formulae, and the inactive acid hy the two together. 



Fig. 19. — Stereoisomerism ot the Lactic Acids. 


141. Stereoisomerism. — Such isomerism, representable only 
by solid formulae, is termed stereoisomerism ((rr€p€os = 
solid). All optically active substances contain asymmetrical 
nucleal atoms, and there is reason to believe that all com- 
pounds containing such asymmetrical atoms are either 
optically active themselves, or capable of resolution into opti- 
cally active stereoisomerides. 

Secondary^butyl carbinol, CHMeEt.CH20H (active amyl alcohol) and 
methylethylaoetic acid, CHMeEt.COOH (active valeric acid) both contain 
asymmetrical carbon, and are both optically active. Glycmc acid, CH3 
(OH).CH(OH).COOH, contains asymmetrical carbon, and can be resolved 
into opticahy active constituents. 

Stereoisomerides have thus the same constitution and 
auSd are said to differ in configuration. As 
1^#t>eispective views of the solid formuke are rather cum* 
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brous, their plane projections are usually substituted»the solid 
formul® of /-lactic and ^/-lactic acids being respectively repre- 
sented by the projection formulse — 

CH3 CH3 

OH.C.H and H.C.OH 
COOH COOH 


/-Lactic Add. 


rf-Lactic Add. 


whilst the ordinary constitutional formula, CH3.CHOH.COOH, 
is reserved for the inactive or d/-acid. 


If two of the attached groups or atoms become identical, the asymmetry 
and with it the optical activity, vanishes. Thus the lactic acids and gly- 
ceric acid are convertible into propionic acid, but the two projection 
formulae 

CH3 CH, 

H.C.H H.C.H 

COOH COOH 

are identical, the corresponding solid formulae superposable, and the pro- 
ducts identical and inactive. The essential condition both for asymmetry 
and optical activity is the linking of four dissimilar groups to the central 
atom. 

It is noteworthy that synthetic lactic acid is optically inactive, and this 
is almost invariably the case with synthetic compounds, for the chances 
of formation of the two asymmetrical configurations from symmetrical 
configurjftions are equal (compare § 163}. 

CH3 

ohZ^h 

COOH 

The phenomena of stereoisomerism were first studied in the tartaric 
acids (Pasteur, 1853). 

142. Synopsis. — There are four hydroxypropionic acids, in- 
stead of the two required by the theory'of structure, and three 
of these are structurally identical, but differ in their action on 
polarised light. As their molecules contain asymmetrical 
carbon, solid formulae can be constructed for them which are 
identical in structure, but different in configuration or solid 
structure ; the acids are therefore termed stereoisomerides. 


CH3 CH, 



l-o-l 
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CHgl CH^OH , CH, 
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SECTION VIII 

FOUR-CARBON DERIVATIVES 

CHAPTER XXVI 

THE ACETOACETIC SYNTHESIS 

li3. Ethyl Acetoacetate. — Sodium dissolves readily in dry 
ethyl acetate, especially when warmed, hydrogen being 
evolved; the liquid becomes very alkaline, and eventually 
almost solid with a crystalline' sodium compound, This com- 
pound is not directly derived • from ethyl acetate, but from 
ethyl acetoacetate, a complex ester which is formed from it, 

The ester is set free from the ethyl sodaceto acetate by 
adding excess of moderately concentrated acetic acid to the 
warm alkaline product, and after dissolving the resulting 
sodium acetate in a little water, is salted out with sodium 
chloride. 

The crude ester is freed from alcohol and ethyl acetate by fractionation 
from a water ‘bath at as low a temperature as possible, and finally by frac- 
tionation under reduced pressure (Fig. 20) ; when pure it distils at about 
74° under a pressure of 15 mm. The whole operation is conducted with- 
out a break, and as quickly as possible, because of the risk of hydrolysis ; 
if too high a temperature be employed, much of the ester is converted into a 
crystalline substance, dehydracetic acid (§ 409). By cautious hydrolysis with 
cold, very dilute potash, ethyl acetoacetate is converted into potassium 
acetoacetate, from which the free acid may be liberated by cold, dilute 
sulphuric acid. 

Etk^^l acetoacetate, CHj.CO-CHa.COOEt (Geuther, 1863) is 
a light, colourless liquid having a faint, pleasant ethereal 
odour ; it boils at 181® under ordinary pressure, and at 74^ 
under 15 mm. pressure (i8i°/76o mm., and 74°/i5 mm.) ; the 
boiling-point at pressures below 30 mm. varies about 1° per mm. 

Acetoacetic acid, CH3.CO.CH2.COOH, is an unstable, very 
acid ^yrup, having a peculiar odour ; it occurs naturally 
in diabetic urine, in wWch it can usually be recognized by 
183 
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its odour, and the purple colour it forms with ferric chloride. 

When heated, acetoacetic acid breaks up into acetoae 
and carbon dioxide, and the same decomposition occurs^^ 
when ethyl acetoacetate is boiled with dilute acids or 
alkalies. If, however, the ester be boiled with concentrated 
alcoholic potash, it is reconverted into acetic acid. 



Fij. 20.— Distillation under Reduced Pressure, 


The molecular formula of ethyl acetoacetate deduced from 
the vapour-density is The hydrolysis to the mono- 

basic acid, C^HgOg ( = CgHgO.COOH), gives the rational 
formula CgHsO-COOEt. The further conversion of the ester 
and acid into acetone and carbon dioxide shows that the 
group C3H5O is acetonyl, CH3.CO.CH2, and at once leads to 
the constitutional formula CHi.CO.CHa.COOEt (Frankland, 
1865). 

, This formula also accounts for the formation of the 
acetoacetate from ethyl acetate, and its reconversion into 
acetic acid when hydrolysed with alcoholic potash. 
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CH^.COOEt+CHo.COOEt -> CHa.CO.CHa-COOEt ^ CHa.COOH^CHa.COOH 
f->CHa.CO.CHa+COa. 


The presence of a ketonic group is confirmed by the conversion of 
the acetoacetate into a salt of the corresponding secondary-alcoholic 
acid when reduced with sodium amalgam. ^-Hydroxybutyric acidf 
CH3.CHOH.CH2.COOH, is a syrupy liquid resembling jS-lactic acid ; in 
its laevo-rotatory form it is often present in diabetic urine, in which it 
is the precursor of the accompanying acetoacetic acid and acetone. 

Like jS-lactic acid it is dehydrated to the corresponding ethylene 
derivative, namely jS-crotonic acid, CHs.CHiCH.COOH (§ 132}, when 
distilled with sulphuric acid, or even when boiled with strong caustic 
soda solution; in the latter case the action is reversible, so that the 
sodium crotonate and / 3 -hydroxybutyrate exist together in equilibrium. 


CH3.COOH CH:,.CO.CHa.COOEt -> CH3.CO.CHa.COOH ^ CHg.CO.CHa + COa 
"f— > CH3.CHOH.CH2.COOH CH3.CH:CH.C00H. 


Ethyl acetoacetate is formed from ethyl acetate by a pro- 
cess of condensation (§ 146), with elimination of alcohol ; 
the condensing agent is sodium ethoxide, as sodium has no 
action on ethyl acetate which has been carefully freed from 
alcohol. The mechanism of the process is somewhat com- 
plex, and probably involves the transient formation of various 
unstable intermediate additive compounds, which immedi- 
ately break up in new directions. 

2CH3.COOEt -f NaOEt=^CH3.C(ONa):CH.COOEt -|- 2 EtOH ; 
CH3.C(ONa):CH.COOEt +CH3.COOH= 

CHg.CO.CHa.COOEt +CH 3 .COONa. 

144. Ethyl Sodscetoacetate: Enolie and Ketooto Forms of Ethyl Aeetoacpt&ts 
— Ethyl sodacetoacftaie, the crystalline product of the action of sodium 
ethoxide on ethyl acetate, is also readily formed from ethyl acetoacetate. 

It was formerly believed that the sodium replaces one of the hydrogen 
atoms of the methylene group, yielding a derivative containing the atomic 
complex CO.CHNa ; but experimental evidence, too complicated to be 
considered here, leaves no doubt that ethyl sodacetoacetate is derived 
from the isomeric ethyl ^-hydroxycrotonaU, CH3.C(OH);CH,COOEt, an 
ester of an unsaturated alcoholic acid. 

# Ethyl sodacetoacetate and ethyl iS-hydroxy crotonate being derived 
from an alcoholic derivative of ethylene, are termed enolic com- . 
pounds,* as distinguished from ethyl acetoacetate, which when pure 
is a ketonic compound. Enolic compounds of this class are semi- 
acid in nature,* and form metallic derivatives, the most characteristic of 
which are the ferric compounds, which are highly coloured. 

Ethyl acetoacetate itself becomes partially enolic xmder conditions 
favouring ionisation. A simple instance of this is given by the action of 
ferric chloride. When ionisation is prevented by dissplving the dry. 


• In the Geneva nomenclature (§ 102) the nam« of hydrbxyethylenic 
derivatives contain the syllables enol ; vinyl alcohol, for example, is etiienol, 
and /S-hydroxycnotonic acid, s-huienolic acid 
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alcohol>£:ee e^er in pure chloroform^ no coloration at all is given by ferric 
liilorideg whilst whea it is dissolved in an ionising medium such as 
it forms a ptirple*red with this ag^ty similar to that afforded by free acetO' 
acetic acid under such conditions. If, howev^, the alcoholic solution be 
cooled to —go® by solid carbon dioxide, so .that the ions recombine, and 
the enolic form is reconverted into the ketonic form of the ester, the colour 
grows paler, and may quite disappear (Traube, 1896). 

Whilst ethyl sodacetoacetate is homogeneous, ethyl acetoacetate under 
ordinary conditions is a mixture of two isomeric compounds ; the true 
ketonic ethyl acetoacetate^ and the isomeric enolic ethyl ^-hydroxycrofonate. 
These compounds exist together in a state of dynamic equilibrium,' 
the molecules of the oiie kind changing into those of the other, much as 
in the equilibrium between alcohol and acetic acid, and probably by a 
similar additive mechanism. 

CH3.CX).CHs.COOEt+HijO CHvC{OH)j.CHj.COOEt 

t-> CHg.qOHliCH.COOEt+HaO 

Compounds which behave according to two distinct constitutions, and 
are really balanced mixtures of two interconvertible and almost 
indistinguishable isomerides, are known as isodynamic or alle- 
lotropic compounds { 6 ,Wv\oit= reciprocally, rpoire^ a turning 
round). Such compounds were formerly termed tautomeric or 
desmotropic compounds (Taurov = same ; Sc<r/jca=a bond); the 
change was believed to be due to wandering hydrogen atoms. 

145. The Aeetoacetle Synthesis of Substituted Acetic Acids and 
Acetones. — When ethyl sodacetoacetate, or the crude product 
of the action of sodium on ethyl acetate, is boiled with ethyl 
iodide, the pasty mass rapidly liquefies and becomes neutral, 
whilst sodium iodide separates. The liquid product is ethyl 
ethylacetoacetate, an ester of high bcaling-point, which 
resembles ethyl acetoacetate, and is homologous with it. 

On hydrolysis with concentrated alcoholic potash, this ester 
yields acetic and ethyl-acetic (normal butyric) acid^ whilst 
with dilute aqueous acids or alkalies carbon dioxide and 
ethyl-acetone (methyl-«-propyl-ketone) are formed. If another 
alkyl iodide be substituted for the ethyl iodide, other 
alkylacetic acids and alkyl acetones are produced, 

CHa.CO.CHaEt+COi ^ CHa.CO.CHEt.COOEt 

CHa.COOH + CHuEtCOOH 

The new ester itself interacts with sodium ethoxide in the 
same wAy as acetoacetic ester, forming a similar ciystaUine 
sodium c6mi;giund ; and tins is again neutralised by aUcyl 
iodides, forming still more complex esters, with further 
s^ar^on'of sodium iodide. These esters in turn undergo 
a bydrdysis, yielding dialkylacetic acids and 

dialky lace tones. When, for example, methyl iodide is 
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employed in succession to ethyl iodide, or vice versa, the 
initial product is ethyl methyl-ethyl-acetoacetate, from whilJh 
on hydrolysis (acetic, and) methyl-ethyUacetic (“active” 
valeric) acid, and methyl-ethyl-acetone (methyl-jecrbutyl 
ketone) are obtained. 

CHa.CO.CHMeEt+COa CHs.CO.CMeEt.COOEt 

CH3.COOH + CHMeEt.COOH 

This somewhat complicated series of operations,. known as 
the aceto acetic synthesis, was devised in the beUef that 
the methyl hydrogen atoms of the ethyl acetate were suc- 
cessively replaced by sodium and exchanged for alkyl 
(Frankland, 1865). The formation of substituted acetones 
proved, however, that the mechanism is not so simple. 

As we have seen, the complex esters which are alkyl-derivatives of 
acetoacetic ester, are formed directly from ethyl sodacetoacetate and its 
homologues. When ethyl iodide is added to ethyl sodacetoacetate, the 
negative iodine unites with the carbon atom to which the positive 
sodoxy-group is attached, and the ethyl radical combines with the 
adjacent carbon atom ; but as the sodium at once separates with the 
iodine as sodium iodide, an ester of ethyl -acetoacetic acid remains. The 
practical result is the substitution of one of the methylene hydrogen 
atoms of the ethyl acctoacetate by alkyl (Michael, 1888). 

CH3.C(ONa) CH.COOEt + EtI-CH,,.CI(ONa) .CHEt.COOEt ; 

CH3.CI(0Na).CHEt.C00Et=NaI+CH3.C0.CHEt.C00Et. 

The same result is obtained by the action of methyl iodide or other alkyl 
odide on ethyl ethylsodacetoacetate, the second methylene hydrogen 
atom of the ethyl acetoacetate being replaced by alkyl. 

CH3.C(ONa>:CEt.COOEtH-MeI=:CH3.CI(ONa).CMeEt.COOEt; 

CH3.CI{ONa).CMeEt.COOEt=NaI+CH3.CO.CMeEt,COOEt 

But as the dialkylacetoacetic ester no longer contains methylene hydro- 
gen which can be eliminated with hydroxyl as water, it is incapable of 
assuming an enolic form, and does not form a sodium derivative. The 
action cannot be carried further (compare § 232}. 

Ethyl ethylacetoacetate, CH3. CO. CHEt.COOEt, is a liquid 
which resembles ethyl acetoacetate, and can be isolated in a 
similar manner ; it boils at 198“, and, as already stated, 
is resolved into acetic and butyric acids when heated with 
concentrated alcoholic potash. Ethyl meihylethylaceioacetaie^ 
CHs.CO.CMeEt-COOEt, boils at 201®, and is similarly resolved 
into acetic and “ active ” valeric acids. 

The alkyhacetic acids thus synthesised are separable frotn 
the accompanying acetic acid either by fractional neutraUsa- 
tioffi: or by special methods, such as the predpitation of 
c^dum butyrate by boiling its aqueous solution* 
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In general, any monalkyl or dialkyl derivative of acetic acid, 
CH2R.COOH or CHRR'.COOH, 

can be made by the acid decomposition of the 
alkylated acetoacetates with concentrated alcoholic potash ; 
and any monalkyl or unsymmetrical dialkyl derivative of 
acetone, 

CH3.CO.CH2R or CHg.CO.CHRR', 

by their ketonic decomposition with dilute aqueous 
alkalies or acids {Wisliccnus, 1877). 

The alkyl radicals which are introduced need not be simple in character, 
as such substances as ethyl chloroforraate and ethyl chloracetate readily 
interact with ethyl sodacetoacetate in the same way as the simple alkyi 
iodides (compare Malonic and Succinic Acids, §§ 148, 149). Ethyl aceto* 
acetate as a ketone also condenses with phenylhydrazine and other 
aminoid compounds, forming more or less complicated ring compounds 
(I 409) ; it is a synthetic agent of great importance. 

The especial value of the acetoacetic synthesis lies in the 
exactness with which the constitution of the synthesised 
compounds is established ; “ active ” valeric acid is not only 
proved to be methyl- ethyl-acetic acid, but is also shown to 
be an asymmetrical compound (CHMeEt.COOH), and thus 
capable of resolution into optically active antipodes, 

146 . Molecular Condensation. — We have seen, that the link- 
ing of the ethyl acetate molecules in the formation of ethyl 
sodacetoacetate is due to the presence of sodium ethoxide 
(§ 143). Such an union of similar or dissimilar molecules, with 
elimination of water, alcohol or their equivalent, is termed 
condensation, and the agent by which the condensation 
is brought about is termed a condensing agent, 

A very large number of similar condensations can be 
effected by means of sodium ethoxide, which is usually em- 
ployed in dilute alcohohe solution ; practically any ester, 
aldehyde or ketone can be condensed in this manner with any 
compound containing the atomic group — CH^.CO — or 
— CH:C(OH) — , in which class are included all aldehydes 
and 'ketones, as well as substituted acetic esters (Claisen, 
Wislicenus and others, 1888 et seq.), 

R,COOEt-l-R'.CH2.CO.R^-l-NaOEt=R.C(ONa);CR'.CO.R'-}-2EtOH 
^ — ’^R.CO.CHR'.CO.R', 

If in the above general equation R= CH3, H, and 
R' sa 0£t, the equation becomes that of the formation of 
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ethyl sodacetoacetate. By giving other values to these 
symbols the equations of other condensations are obtained, the 
great majoril^ of which can be realised. 

Ethyl oxalate condenses with ethyl acetate, forming ethyl oxalacetate, 
COOEt,CO.CH2.COOEt (§ 158), a compound which in many respects 
resembles ethyl acetoacetate. Ethyl acetate and acetone yield acetyU 
CH3.CO.CH2.CO.CH3, a liquid which boils at 137°, and like ethyl 
acetoacetate forms a sodium compound ; the corresponding secondary 
alcohol, aceto-seC’ProPyl alcohol, CH3.CO.CH2.CHOH.CH3, is obtained in 
a similar manner from acetaldehyde and acetone. Ethyl formate and 
acetone similarly yield the very unstable acetoacetic aldehyde, CH3.CO. 
CH2.CHO. 

Acetaldehyde condenses with itself under the influence of alkali car- 
bonates, forming j8-hydroxybutyric aldehyde ; the condensation is more 
conveniently effected by the action of dilute aqueous potassium cyanide 
on paraldehyde. Ald(A or fi-kydroxybutyric aldehyde, CH3.CHOH.CH2, 
CHO (Wurtz, 1872) is a syrupy liquid which boils at about 70° under 13 
mm., but when heated under ordinary pressure decomposes at 135® into 
crotonaldehyde and water, thus behaving similarly to the acid. It gives 
the usual aldehyde reactions, and when warmed with silver oxide and 
water is oxidised to silver jS-hydroxybutyrate, whence its constitution. 
There are many such condensations in which an aldehyde group unites 
with a methyl radical; they are termed generically aldol condensa- 
tions (compare Cinnamic Acid, § 33a). 

CH3.CHO+CH3,CHO=*CH:,.CHOH.CH2.CHO; 

R.CH0 + CH3.R' = R.CH0H.CII,.R'. 

147. Synopsis. — By the action of sodium on ethyl acetate 
in presence of alcohol, a ketonic ester, ethyl acetoacetate, is 
formed which can also exist in an enolic or hydroxy -ethylenic 
form, in which it yields metallic derivatives. Ethyl aceto- 
acetate is directly convertible into acetic acid and acetone, 
and its alkyl substitution products, prepared synthetically 
from its sodium compound, are similarly resolvable into 
alkyl-acetic acids and alkyl-acetones. 
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ETHYL ACETOACETATE AND THE ACETOACETIC SYNTHESIS, 




CHa-COOEt 
ethyl acetate 

iNaOEt 


CH3,C(0Na) :CH.COOEt CHa.C(ONa) :CEtXOOEt 
etbyl SQdacetoapetate et/iyi ethyl-sodacetoacetate 
crystalline solid \ crystalline solid 

A 


A 

NaOlitI 


|CH8-C00H 

cohered 1 
fen'ic salt \ 


CH3.C(OH):CH.CUOKt 
ethyl aceioaettau 
(enalic) 
liquid 


O^tlCHa-COOH 

I 't' 

coloured 
ferric salt 

i 

CH:,.C(OH):CEt.CUOEt 
ethyl ethyl-acetoacetate 
{enolic) 
liquid 

A 


CH3.CO.CHa COOEt 
ethyl aoeto^etate ~ 

(ketonic) 

liquid (i8i"J (74715 iiiin.) 


dtl. adds 
ur alkalies 


CH3.CO.CHa.COOH 
aoetoacet^ acid 

uiisialde acid syrup 


CH3.CO.CIL 

' acetone 


CH,:cooH 
^ ■ .Rceiic acid 


Y ■ y 

^yCH.XO.CHEiXOOEt, 
ethyl etkyl-aceUacetale' 
{ketonic) 
liquid (198°) 


CH3.CO.CHEt.COOH 
ethyl-acetoaceiic dciii 
unstable acid syrup 


Y 

GH3 CO.GH^Et 
cthyl-aoetone 

methyl n-^rojyl ketone 


ClL.CO.CMeEtCOOEt-^ 

eikyl methyl-ethyi-acetcacetate 
{ketonic) 
liquid (sol*) 


CHj.CO.CMeEt.COOH 
methyl eihyl'acetoaceiic acid 
unstable acid syrup 


KOli 


GH^.CO.CHaieEt 
methyl-ethyl-aoetone : 

{methyl &tc-butyl ketone) 


CH,Et COOH A CHUeElGOOH 
ethyl-acetic acid me thy l acid 

n butyric netd ' (*‘ active " valeric acid) 



CHAPTER XXVIl ' 

THE SATURATED DIBASIC ACIDS 

148 . Halonic Acid.* — Malonic acid, the first homologue of 
oxalic acid, was originally obtained by oxidising malic acid 
{§ 158) with chromic acid mixture ; it is more conveniently 
made from acetic acid by the cyanide synthesis. 

Warm chloracetic acid solution is neutralised with 
potassium carbonate, and heated with the calculated 
amount of pure potassium cyanide until the vigorous action 
has quite subsided, and the cyanide has dissolved. The 
potassium cyanacetate thus formed is hydrolysed by boiling 
Avith concentrated hydrochloric acid, and the malonic acid is 
extracted with ether and crystallised (Kolbe, Muller, 1864). 
CH2C1.COOK^CH2(CN).COOK->CH2(COOH).COOH. 

Malonic acid may also be made by the acetoacetic synthesis. Ethyl 
sodacetoacetate unites with ethyl ckloroformaie, Cl.COOEt (§ 192), forming 
ethyl acetomalonate, CHg.CO.CHlCOOEtl.COOEt, a liquid which is con- 
verted into potassium acetate and potassium malonate when boiled with 
alcoholic potash. 

CHa-CO.CHfCOOEtl.COOEt = CH(C0.CH3)(C00Et), 

UcHa-COOK + CIIj(COOK),. 

Malonic acidy COOH.CH^.COOH (Dessaignes, 1858), forms 
long colourless crystals, and melts at 132° ; it is exceedingly 
soluble in water, and a fairly strong acid, K = 0*163. The 
constitution of the acid follows from its synthesis from acetic 
ncid, and its direct resolution into carbon dioxide and the fatty 
acid, when heated a few degrees above its melting point. 

COOH.CH2.COOH = CH3.COOH +CO2, 

Ethyl malonate, which is an important synthetic agent, is 
conveniently made from the alkali cyanacetate, a mixture 
of which with absolute alcohol is saturated with dry hydrogen 
chloride gas ; or by passing hydrogen chloride gas into alcohol 

* MaltMiic acid, as a three-cari)on compound, ought properly to find iti 
place in the preceding section, but it is more conveniently considered h«e* 
181 
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in which crude calcium malonate is suspended. The ccraled 
product is poured into ice-water, and the ethyl malonate 
extracted with ether, and fractionated in the usual manner.. 
CH2(CN).COONa + 2EtOH + 2HCl^CH2(COOEt)2 -!-NaCl 
Ethyl malonate f CH2(COOEt)2 (Conrad, 1880), is a heav^, 
colourless liquid, which has a pleasant aromatic odour, and 
boils at 198®. Like its lower homologue, ethyl oxalate, it is 
Converted by ammonia into the corresponding crystalline 
amide, malonamide, CH2(CONH2)2. 

148 a. The Malonic Acid Synthesis. — The utility of malonic 
acid in synthesis depends in the first place on its simpje 
decomposition into acetic acid and carbon dioxide, and in 
the second place on the circumstance that the methylene 
hydrogen of its ester is replaceable by alkyl radicals. By 
alkylating ethyl malonate, and then setting the alkylmalonic 
acid free and decomposing it, any mono- or dialkyl- acetic 
acid is thus obtainable (Conrad, 1879). 

. .COOEt _ COOEt .COOEt .GOOH • 

.CH2<cooEt^™^<COOEt'^^™KcoOEt‘^^™KcoOH 

CHgEtCOOH+COg-^ 1 

On mixing ethyl malonate with sodium ethoxide in alco- 
holic solution, it is converted into ethyl sodiomalonate, CHNa 
(COOEt)2 (or more probably, COOEt.CH:C(ONa).OEt), a 
crystalline substance resembling ethyl sodacetoacetate ; and 
on heating this substance with an alkyl iodide, such as 
ethyl iodide, in molecular proportion, an ethyl alkyl-malonate 
is obtained. 

The ethyl iodide is poured into the crude sodium derivative,, and the 
whole boiled on a water-bath until neutral, in the same way as in the 
acetoacetic synthesis, the ethereal salt being extracted with ether and 
fractionated. 

By repeating the treatment a second alkyl group can be 
introduced, just as with ethyl acetoacetate. Ethyl ethyl- 
malonate^ CHEt(COOEt)2, is a liquid boiling at 200° ; ethyl 
methyl-ethyl-malonate, CMeEt(COOEt)2, boils at 208®. 

To obtain the synthesised alkyl-acetic acid, the alkyl-malonic acid must 
be isolated. The alkyl-malonate is first converted into the sodium salt by 
boiling with strong caustic soda solution, and from this the sparingly soluble 
calcium salt is. precipitated by concentrated calcium chloride. Enough 
oxalic add is now added exactly to combine with the calcium, ,th«. 
alkyl-malonic add thus set free is extracted with ether, and recrystalfiiid 
fron^ water. 

CHEUCOOEt)a -► CHEt(COONa), -> CHEt{COO)aC^ -►CHEtiCOOHJar'^^^ 
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EthyUmak>nic‘ acid^ CHEt(C00H)3, is a crystalline sub- 
stance, melting at 1 1 1®, which resembles majonic acid in every q 
respect, an^ when heatecj at 160° is resolved into carbon 
dipxide and ethyl-acetic acid ; the ethybacetic acid thus 
prepared boils at 163®,, and is identical With normal but3nric 
acid, a further synthesis of which is afforded. 

Methyl-eihyl-malonic acidy CMeEt(COOH)2, melts at 118% 
and when heated is similarly resolved into carbon dioxide 
and active ** valeric acid. 

CH3.CH3.CH(C00H)2 = CHj.CHa.CHa.COOH-l-COa ; 
CHa(COOEt)3 CMeEt(COOE't)2 CMeEt(COOH)2 

L>CHMeEt.C00H+C03, 

The malonic synthesis of substituted acetic acids is in some 
respects preferable to the acetoacetic synthesis, as the yields 
are better; and the resulting acids do not need purification ; 
on the other hand, ethyl malonate is more difficult to make 
than ethyl acetoacetate and therefore more expensive, 

Kihyl cyamcetate, €H2(CN).COOEt, a liquid boiling at 307“, may be 
substituted for the malonate, as its methylene hydrogen is similarly 
replaceable by sodium and alkyl ; it is made by boiling ethyl chloracetate 
with potassium cyanide. The alkylated cyanacetates yield the same pro- 
ducts as the alkylatecl malonates when hydrolysed. 
CH2(CN).COOEt-»-CHNa{CN).COOEt->-CHEt(C10.COOEt^CHEt(COOH}.COOH. 

149 . Suecinic Acid. — Oxalic and malonic acids are the lowest 
members of a homologous series of acids, the succinic or oxalic 
series, the next member of which is succinic acid. 

Succinic Aid was originally obtained by distilling amber 
{succinum), and is also formed in the alcoholic fermentation 
of sugar, and by oxidation of many fats and fatty acids 
with nitric acid ; it is most conveniently prepared by fer- 
menting tartaric or malic acid. 

Swcinio acid, COOH.CHa.Cttj.COOH (Agricola, 1550), is 
a colourless, crystalline substance, which melts at about 185° 
and boils at 235°, at the same time partially decomposing ; it 
bums with a blue non-Iuminous flame. It has an unpleasant 
acid taste, but is a much weaker acid than either of its lower 
homologues, its dissociation constant being K -o-ooby. 

When heated with hydriodic acid and phosphorus, succinic 
acid is reduced to «-butane, of which it is therefore a deriva- 
tive i as it is a dibasic acid, its molecule must contain two 
carboxyl groups. The only formula complying with these 
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conditions is that which is given above j it is confinnedf% 
direct synthesis of the acid from etiiylene bromide. ! : ■ 
On boiling ethylene bromide with alcohol and pure potas- 
sium cyanide, ethylene cyanide or sucdnomlvile, CN.^^. 
CHj.CN, a colourless crystalline substance melting at 54% is 
obtained, portions of which can be seen in the reflux c^- 
denser towards the end of the operation. After filtering ofi 
■potassium bromide, water and caustic soda are added, and the 
boiling is continued as long as ammonia is evolved. 

The product, which now contains sodium succinate, is 
acidified with dilute sulphuric acid and evaporated to dryi 
ness, and the succinic acid is extracted from the residue 
with boiling alcohol (Maxwell Simpson, 1861). , ^ j. 

CHaBr.CHaBr CN.CHg.CHa.CN COOH.CH2.GH2.COOH. 


Conversely, succinic acid is converted into ethylene by simply electro- 
lysing a strong solution of its potassimu salt ; hydrogen is set free at the 
kathode, and ethylene at the anode. 

CH,.COOK_CII, , . 

tHfl.COOK“CH,'^ 

Succinic acid can also be synthesised from ethyl acetoacetate or ethyl 
malonate by boiling the respective sodium compounds with ethyl chlor- 
acetate. The ethyl acetosuccimte^ CH3,CO.CH(CH2.COOEt),COOfit, 
which is formed in the first case, is subjected to the “ acid ” hydrolysis by 
boiling with concentrated alcoholic potash, and yields acetic and sucdific 
acids. 

CHa-CO.CHs.COOEt -> CHj.CO.CHfCHa.COOEtl.COOEt 


11 


■ CH3.COOH +CHa(£H,. COOEt).COOEt 


150 - Derivatives ol Succinic Acid. — Succinic acid is a dibasic 


acid, and its derivatives are analogous to those of oxalic acid. 
The alkali succinates ^ however, are very soluble ; even calcium 
succinate is soluble in Water, and can only be precipiteted m 
presence of alcoholic ammonia. The bask ferric saiU formed 
by adding ferric chloride to a neutral solution of a succinate, 
is a brown gelatinous precipitate. * 

On the oth^r hand, the ester, ethyl succinate^ C2H^(GOOEt)2, 
is an* oily liquid which boils at 216'^, and closely rcsen^les 
the corresponding oxalate ; it is formed by warming the acid 
dhd alcohol with a little concentrated sulphuric acid,, and 
isolate^by pouring into water. - 


T.ilcft the <nalate, ethyl saccmate is converted by acjueous ammonia into 
Itih con^d^^ding diamide, C2H4{CONH2)2, an insolnl^ 

ft'ppwder ; on heating ammonium sucdhate, however, or succina- 

"t veomonia is given off and a product of a new type 
^ imide. . ' . 

V (FehKng, 1844), a csrystalluw 
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log at 126”, is a weak addt and forms salts, sack as poPus^ium iUKinimidet 
(^H4:(CX>)ji:NK, ia which theimido-hydrogen, rendered acid by the car* 
bodyl groups, .is replai^ by the metal. Similarly with sodium hypo* 
ehloerite it yields succinyl nitfogen chloride^ CaH4:(CO)2:NCl, a crystalline^ 
ff^d melting at i4S^, which liberates iodine from potassium iodide. 

"VlTien succinic acid is distilled, either alone, or with phos- 
phorus oxychloride, it loses water (not carbon dioxide, 
malonic acid), and forms an anhydride. Succinic anhy- 
GH CO 

dride^ is a crystalline substance, which melts at 

Grlj.OO 

120* and bods at 257® ; its vapour is very suffocating. 

Sitccinyl chloride, COCLCH2.CH2.COCl, formed by the action of phos* 
■phonis pentacbloiide on ethyl succinate, is a liquid which resembles oxalyl 
chloride, and is hydrolj^ed by water in the normal manner to sucdnic 
and hydrochloric acids. 

Succinic aldehyde, CHO.CH2.CH2XHO, is a crystalline compound which 
is formed by the action of nitrous «cid on its dioxime, which is made from 
pyrrole (§ 408). The aldehyde is of interest as it is directly convertible 
into members of the pyrrole group, 

161 . The Lactones.— When succinyl chloride or succinic 
anhydride is reduced with sodium amalgam, it is converted, 
not into the aldehyde, hs was originally supposed, but into an 
isomeride derived from butyric acid, termed butyrolaotone 
(Flttig, 1880) ; the same compound is produced by reducing. 
aldehydopropionic acid (succinic semi-aldehyde), CH0,CH2. 
CH2.COOH, with soi||ium amalgam! 

y-Butyrohclom, ci[i,.cH,.CH,.CO (Sayt^^S. 1873). is a 


liquid at 206®, which is formed both by reducing succinyl 

chloride, and by distilling y-chIorobut5rric acid. 

Butyrolactone is convert^ into succinic acid by oxidation 
with chromic add, but when warmed with caustic baryta 
solution is hydroly^d'to the barium salt of y-hydroxybu- 
tyric acid ; it is thus an internal ethereal salt of y-hy- 
droxybutyric acid, in which the carboxyl has entered into.^ 
combination with the alcoholic hydroxyl, 

CH^COQH . CH»COCI CHa.CHj. ClIj-CHaOH^^ CH,.CHaa 
CHi.C06H' 'CH,CbCl'^CH,.CO ^®^CHj.COOH 'CH3,^0a 

^ - . . : - I f I . - 

The next honidlogue of butyrolactoue Is f mmed by teduch^ l^uUnie 

homdogM of acfiio. 
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aoetic acid which contains the ketonic group in the y-pbsition j levuHniiQ 
acid may be made synthetically, but is best prepared by the hydroly^ pi 
sugars with mineral acids. 

"" CHa.CO.CHaCH^.COOH CH 3 .CHOH.CH 3 .CHa.COOH ^ CHa.CH ^^^aXHa 
y*Valerolactonet CH3.CH.CH2.CH3.CO, is a stable, neutral liquid boiling 

at 207” ; it is converted by caustic alkalies into a salt of y-hydroxyvaleric 
acid, and is reduced to valeric acid itself by sodium amalgam in acid solu- 
tion. JsocaprolactonCf CMe2{^^2^^2^CO (Fittig, 1880), the first mem- 
ber of this class to be recognised, is obtained as a neutral oil by warm-, 
ing an unsaturated acid, pyroterebic acid, with dilute sulphuric amd (oom- 
pare j8-Hydroxybutyric Acid,,§ 143). 

CMc3:CH.CHa.C00H ^ CMe3(0H).CH2.CH2.C00H CMea >CQ : 

It is only hydroxyl-groups in the y- and more remote 
positions which interact in this manner to form lactones ; 
a- and /8-hydroxy-acids scarcely ever form such compounds, 
the stereometric conditions (§ 288) being unfavourable. 
Hydracrylic acid is converted into the unsaturated acrylic 
acid by dehydration, and although lactic and glycollic acids 
form internal esters or lactides, two molecules of the acid 
enter into the action. 

The y-hydroxyacids cannot be isolated, but they exist 
in solution in equilibrium with the lactones, with which 
they are interconvertible. Their esters, etc., are knowa 
152. The Succinic Series of Acids. — Sr^cinic acid is derived 
from normal butane and ethylene, and there is an isomeric 
isosuccinic acid similarly related to isobutane and ethylidene ; 
’ this acid is formed from both a-chloropropionic acid and 
ethylidene chloride by the cyanide synthesis, and from ^aalonic 
acid by the malonic synthesis. 

Isosuccinic or eihylidenesuccinic acidt CH3.CH(COOH)2, 
is- a crystalline substance melting at 134®. 
CH3.CHClCOONa->CH3.CH(CN).COONa>* 
CH3.CHCl2->CH3.CH(CN)2 ^ CHj.CHfCXJOHla. 

CHNa(COOEt)j:^HMe{COOEt), 

As a substituted malonic acid, isosuccinic ^d is resolved 
^ heat, not into water and an anhydride, but into carbon 
dioxide and the related monocarboxylic acid, -propionic acid. 
It is a general rule that when the carboxyl groups of 
^icarboxydic adds are attached to adjacent carbon atoms, the 
i^ds are resolved into anhydrides by heat, but that when the 
l^ups ate attached to the same monocarbo^Uc 
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^ds and carbon dioxide are formed; succinic acid is the 
of the first class of compounds, and malonic acid of the 
second. 

CH3.CH(GOOH)3=CH3.CH2.COOH 4-CO2. 

The isomerism of the higher members of the succinic series is naturally 
very complex^ In the first place, in addition to the alkyl derivatives of 
malonic acid, which have already been considered, there are similar deriva- 
tives of succinic acid. Pyrotariaric or methylsuccinic acid, COOH.CHMe. 
CHjvGOOH, is formed, together with p3n:oracemic acid, by distilling tar- 
taric acid, and can also be made from propylene bromide by the cyanide 
synthesis. 

The symmetrical dialkylsuccinic acids, namely, those in which the 
methylene hydrogen is only partially substituted, are capable of existing 
in stereoisomeric forms, corresponding with the stereoisomeric dibromo- 
and inactive dihydroxysuccinic acids (§ 163), the methylene carbon atoms 
becoming asymmetrical. 

Para-dimethylsuccinic acid is sparingly soluble in water, and melts at 
194° ; the isomeric anii-dimethylsuccinic acid is more freely soluble, and 
melts at 123®. 

In addition to the substituted succinic acids, there are a 
number of acids in which the carboxyl groups are attached 
to carbon atoms which are not adjacent. The most promi- 
nent of these is adipic acid, an acid which is closely related to 
the sugars. 

Adipic acid, COOH.CH2.CH2.CH2.CH2.COOH (Laurent, 
1839), is a crystalline substance, melting at 149°. It is best 
prepared by oxidising hexanaphthene, ( § 287) with 

nitric acid. 

Adipic acid can be synthesised by heating /S-iodopropionic acid with 
reduced silver ; its ethyl salt is also formed synthetically when ethyl potas- 
sium succinate is electrolysed (Crum Brown, 1892). 

COOH.CHa.CHJ + Aga+CHaI.CHa.COOH=COOH.[CHJ4.COOH-|-2AgI; 
COOEtCHa.CH3.COOK „ COOEtCHa.CHa 
COOEtCHa-CHa.COOK COOEtCHa.CHa 

The principal members of the oxahc-succinic series are 
tabulated below ; the higher members are formed by the 
oxidation of fats, cork, etc., with nitric acid. 
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drides. Oxalic and malonic anhydrides appear to be incapable of exist- 
ence ; the former acid yields carbon mcmoxide and dioxide under condi- 
tions which might otherwise determine the formation of an anhydride, 
whilst malonic add and its derivatives yield carbon dioxide and acetic 
acids. Succinic add and its alkyhsubstitution products form anhydrides 
with ease, and glutaric add and its derivatives also form anhydrides, 
although not so readily. Adipic add and its higher homologues do not 
form anhydrides, and the obvious explanation of this fact, bearing in min d 
the stereometrical ideas developed in connection with lactic add, is that 
the carboxyl-groups in these acids-are too far apart to interact (see also 
1 288). That they do not influence one another materially is shown by the 
smallness of the dissociation constants of the acids. 

153. Synopsis. — ^Malonic and succinic acids are methylene- 
dicarboxylic and ethylene-dicarboxyHc acid respectively, and 
belong to the oxalic series of acids. The members of this 
series are divided into three classes — derivatives of malonic 
acid, derivatives of succinic acid, and acids in which the two 
carboxyl groups are united to non-adjacent carbon atoms. 
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CHAPTER XXVIII 

THE UNSATURATED DIBASIC ACIDS 


164 . Maleic and Fumarie Acids,- 43 orrespondin^ with the 
succinic series of acids, there are a number of dibasic acids 
whicii are similarly related to dhe higher olefines and 
acetylenes. The chief of these olefinic acids are maleic and 
fumarie acids. 

When malic or hydroxy-succinic acid (§ 158) is distilled, it 
loses water, in the same way as hydracrylic acid ; but instead 
of a single unsaturated acid, two isomeric compounds are 
produced. Maleic acid and its anhydride pass over, whilst 
fumarie acid remains behind ; by heating the malic acid 
cautiously at 1 30-140®, fumarie acid is formed alone. 
H.C.COOH 

Maleic acid, (Lassaign^, 1819), is a crystalline 

H.C.COOH 


substance of disagreeable acid taste ; it melts at 130°, and 
boils at 160®, at the same time partially decomposing into 
wat^r and its anhydride ; it is very soluble, even in cold 
water, and is a strong acid, K = i-I7 (compare Acrylic acid, 
H C CO 

§ 132). Maleic anhydride, ^ ^ ^ crystaUine sub- 

H.L.CO 

Stance, which melts at 60®, and is readily rehydrated to the 
acid. 


Fumarie acid, 


H.C.COOH 

COOH.C.H 


(Lassaigne, 1819), 


which 


occurs naturally in the common fumitory {fumaria), is a 
crystalline substance of agreeable acid taste, and is practically 
insoluble in cold water ; it is a much weaker acid than its 
isomeride, K =0-093. Fumarie acid melts only with difficulty, 
but sublimes to some extent at about 200°, at the same tiin| 
being partially converted into maleic anhydride and water ; 
the decomposition becomes quantitative when the. .acid ,4s 
*101 
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heated with dehydrating agents. Conversely, when maleic 
acid is heated at 130®, or with water at 200®, it is gradually 
converted into tumaric acid. 

Malrfc and fumMic acids are diba^c acids, and both yield acetylene 
when the aqueous solutions of their alkali salts are electrolysed. Fumanc 
acid can also be made by the cyanide synthesis from acelykne dmdide, 
CHhCHI, a crystalline substance which is made by passing acetylene into 
an alcoholic solution, of iodine. Both acids are therefore ethylene-dicar- 
boxylic acids, and of identical constitution. , 

CH; CH CN.CH:CH.CN^ COOH.CH:CH.COOH 

i ^ 

This conclusion is confirmed by their relation to succinic acid ; they are 
reduced to this acid by sodium amalgam or hydriodic acid, and fumaric 
acid is formed by simply boiling monobromcsuccihlc acid (§ 258} with 
water. - *■ 

.COOH.CH3.CHa.COOH->COOH.CHBc.CH3COOH-<->COOH.CH:CH.COOH 

^ ^ ^ i 

Further, both acids, as ethylene derivatives, combine with hydrogen 
bromide, forming bromosuccinic acid, and with brominC, forming the di- 
bromosuccinic acids. 

155. Sfereoisomerlsm of Ethylene Derivatives.— The undoubted 
structural identity of maleic and fumaric acids necessitates a 
further development of the conception of stereoisomerism, 



Maleic or d'i-acld. Fumaric or irans-a'di. 

Stereoisomerism of Hthyle&e Derivatives 

If carbon atoms be represented as regular tetrahedra, the 
nucleal tetrahedra in ethylene derivatives must be linked 
edge to edge ; formulae thus become po^ible for these, acids, 
which are structurally identical but stereometrically different, 
and by the absence of symmetry in their relation, to one 
another symbolise the great physical difference between the 
two isomerides (compare Stereoisomeric Lactic Acids, 1 140). 

The pairs of groups which are on the same (cts) side of the 
tetrahedra in the one formula are on opposite sides in 

the bther (Van't Hoff, 1887) ; it is noteworthy that the cis- 
fomiula can be, divided symmetricdly by a p 1 a n e pa^ng 
tfirough the p<^t3 of attachment (jjt the groui^i whilst ihe 
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^rarts-fonriula can only be so divided through the axis 
along which the two nucleal carbon tetrahedra are linked. 

As in the case of the optically active compounds, it is more 
convenient to use the plane projections ( § 141 ) of the formulse. 
H.C,COOH H.C.COOH 

H.C.COOH COOH.C.H 

Maletc add, Fumaric acid. 

There is little difficulty in assigning the formulae to the respective modi- 
fications. The compound in the molecule of which the carboxyl groups 
are nearest will obviously form an anhydride the more readily ; the un* 
stable or labile nialeic acid is therefore, the -modification, and is 
r^esented by the plane - symmetrical formula, whUst the 
stable fumaric acid is the irarts-modification and is represented by the 
axial-symmetrical formula. Maleic acid is therefore cis-c/Ayic««- 
dUarboxylic acid, and fumaric acid, Uans^ethylene-dicarboxylic acid. 
Many such pairs of isomerides arc known, the labile or cis -modifications, 
being invariably more soluble than the stable or -modifications, and 
also stronger acids, owing to the greater proximity of the carboxyl groups 
(5§ i5z» z88). 

The above conclusions as to the stereoisomerism of maleic and fumaric 
acids, and of maleoid and fumarpid compounds in general, are 
confirmed by their behaviour with bromine, of which, as ethylene deriva- 
tives, they take up a molecular proportion. Whilst fumaric acid yields 
ordinary dibromosuccinic acid, identical with that obtained by directly 
brominating succinic acid, maleic acid yields the stereoisomeric isodibrotno‘ 
succinic acid (compare Tartaric Acids/ 8 163).* 

Br Br 

COOH.CJI COOH.C.H . H.C.COOH H.C.COOH 
H.C.COOH H.C.COOH ’ H.C.COOH H.CiCOOH 

BV Br 

158 , Acetyldiu-diearboxyllc Acid,— The acetylene derivative 
corresponding with maleic and fumaric acids is formed by 
boiling dibromosuccinic acid with alcoholic potash, in the 
same wa^ as acetylene itself from ethylene dibromide, 

COOH.GHBr.CHBr.COOH -COOH.C i C.COOH -hsHBr. 

Acetylene-dicarhoxylic acidy COOH.C | C.COOH (Bandrowsky, 
1879), is a crystalline substance, melting at 179° ; it is an 
exceedingly powerful acid, of the same order as the mineral 
acids; the Association constant being too large to be measured. 

Acetylene-dicarboxylic acid is convertible into derivad'Hs both of maleic 
and fumaric acids ; the ethyl salt unites with bromine, forming ethyl di- 
, bromo-maleate, wWlst the acid itself unites with hydrogen bromide, form- 
ing bromo -fumaric acid. 


* The student is strongly mged to study these space-actions with the 
aid of the cardboard tetrahedra mentioned under Lactic Add; half-a- 
dozenof the^ can be made in a few minutes, and will save many hours. 
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COOH 

Br.CXOOEt C Br.C.COOH 

Br.C’COOEt C COOH.C.H 

COOH 

Potassium hydrogen aceiylene-dicarboxylatet COOH.CiC.COOK, is a spat, 
mgly soluble substance, which is revived into carbon dioxide and potas-' 
slum propiolate (§ 134) when boiled with water. 

More complex acid acetylene derivatives have also been prepared, of' 
progressively decreasing stability. 

167. Synopsis. — Maleic and furaaric acids are the ethylene 
derivatives corresponding with succinic acid. They are 
structurally identical, but their spacial configurations are 
different, the labile maleic acid having the cis- or plane- 
symmetrical formula, and the stable fumaric acid the fmns-: 
or axial-symmetrical formula. Acetylene-dicarboxylic acid' 
is the Corresponding acetylene derivative. 
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acetylene propiolic acid acetylencdlcarboayUw 
aeld 

very powerful acid 
1179 *) 



CHAPTER XXIX 


THE VEGETABLE ACIDS 

158. The Malic Acids : Oxalacetic Acid.—The tso^ess of 
unripe fruit is almost always due to tartaric, citric, or malic 
acids, which together with oxalic acid And a few others, may 
be termed the vegetable acids. Malic and tartaric acids are 
hydroxy-derivatives of succinic acid. Sour apples cpntaid' 
a considerable quantity of malic acid, which, however, is 
more economically obtained from rhubarb, or unripe hjoun tain 
ash berries. 

The juice expressed from the stalks or berries is concentrated, and the 
acid neutralised with boiling milk of lime. The normal caldum malate 
thus precipitated is dissolved in hot dilute nitric acid, and recrystaUised 
as the add salt, which forms much better defined crystals. The free acid 
is prepared by decomposing the lead salt with hydrogen sulphide. 

♦ l-Malic acid, COOH.CHOH.CH 2 .COOH (Scheele, 1785), is 
a deliquescent, semi-crystalline substance, which forms soft, 
warty masses, melting at 100°. It is a dibasic acid, as it 
forms two classes of salts, such as the calcium salts mentioned 
above ; the dissociation constantis K = 0-0395. Lead malatey 
precipitated by lead- acetate from a neutral solution of an 
alkali malate, isisbaracteristic, as it is insoluble in ammonia, 
and melts to a^cky paste when boiled with water. 

Malic acid is an'alcohol, for, by the action of aastyl chloride, 
ethyl malate is converted into ethyl aceiyl-malate, COOEt. 
CH(OAc).CH 2 .COOEt. - Its constitution as hydroxy-succiniC' 
acid is fully proved by analysis and synthesis ; it is reduced 
to succinic acid when heated with hydriodic acid, and its 
inactive modification (see below) is formed when broino- 
suq^c acid is jtated mth silver oxide and water. 

.. Bfmotuccmic acid, a crystalline sabstance mating at 159?, is 1^ 
Wting SQceiific acid» or atuie succinic anhydride, w apparatus 

206 
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with bromine and red pbosphOTus ; the bromO’SWxinvl bromide thus formed 
is hydrolysed by shaking with hot water for a short liipe, and the resulting 
bromp-succinlc acid is quickly crystallized (Volhard, 1887). 

CHaiCOOH CHBr.COOH CHOH.COOII 

CHa.COOH “^CHjXOOH ^CHg.COOH 

A ] 

Like oxalic acid, malic' acid forms two. amides, namely, malamide 
C2H3(0H)(C0NH2}2, and malamic acid, CONH2.C2H3(OH).COOH ; they 
are both crystalliae substances. 


The malic acid molecule coutains an asymmetrical carbon 
atom — 


H 

COOH.dcna.COOH, 

OH 


and the acid, therefore,^ like lactic acid, assumes three stereo- 
isomeric forms, in two of which it is optically active ; with 
the' exception of differences in the solubilities of their salts, 
the three acids are chemically identical. 

COOH 

Natural malic acid, H.C.OH, is laevogyrate, *[r 3 i> « —3-3°. The anti- 
CH2.COOH 
COOH 

podal dextromalic acid, OH.C.H, “ +3*3®, is formed by the partial 
CH2.COOH 

reduction of tartaric acid, and by the action of nitrous acid on aspartic 

^ r r- CHOH.COOH ^ .. 

acid {§ 221 ). Inactive malic acid, * » formed by mixmg the 

Cxi2*C00H 

solutions of equal weights of the active acids, is formed, not only syn» 
thetically, but also by the partial reduction of racemic acid ; like inactive 
la^ic acid, it can be resolved into its components by fractional crystalli* 
8ati(« with alkaloids, the cinchonine salt being the most suitable. 


Whm malic acid is oxidised with hydrogen peroxide in 
presence of ferrous iron, it is converted into an unstable acid, 
oxaktcetic aoid, COOH. CO. CH2. COOH. The ester of this acid 
is made synthetically by condensing ethyl oxalate with ethyl 
^tate by of sodium ethoxide (§ 143) ; it is'reconverted 
mto ethyl nj^date by reduction with aluminium amalgam. 
CHQjLCQOH ^ ^ CO.COQH COOEt.COOEt 
CHa.poOH ^CHa.COOH^^CHa.COQEt 
Oxalacetio add r^i^y.loses carbon dioxide, forming pyroracemic Mid ; 
^ e ^draxone, which is simply ccmverted into pyroia* 
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cemic hydrazone wheu heated with water, but into a mote complex Mid 
derived from pyrazolone- { § 409) in presence of hydrogen ions; Of the 
concentration of which it therefore affords a measuie. , ^ 

COOH.CHa.CO.COOH-^COa + CH3.CO.COOH 

159 . Tartaric AeW. — ^The chief source of ordinary tartarip 
acid is argol^ or impure potassium hydrogen tartrate, which is 
a constituent of grape juice, and, being insoluble in alcohol, 
separates as a crystalline “ crust in the preparation of wine ; 
the brownish argol may be decolorised by digesting its hot 
solution with animal charcoal, and after recrystaJlisation 
from hit water, is known as cream of tartar. . ' 

When cream of tartar is boiled with water and chalk, it is converted, 
half into insoluble calcium tartrate, and half into soluble potassium tar- 
trate ; on mixing the filtered solution of the latter with calcium chloride 
solution, the second moiety of the acid is precipitated \ finally the washed 
calcium tartrate is decomposed with the calculated amount of dilute sul- 
phuric acid, the tartaric acid being evaporated, and recrystadliscd until 
pure. ! 

Tartaric acid, COOH.CHOH.CHOH.COOH (Schegle, 1769). 
crystallises in large, colourless prisms of pure and agreeable 
acid taste ; its dissociation constant is K =0'097. ll^elts at 
170®, but chars at a slightly higher temperature, giving off 
fumes resembling those of burnt sugar, and 5deldmg, amongst * 
other products, pyroracemic aud pyrotartaric acids. 

That tartaric acid is dihydroxysuccinic acid is proved by 
its successive reduction to malic and succinic acids, ^hen 
Jieated with hydriodic acid, and by various syntheses (§ 161). 
CHOH.COOH CHOHXOOH CH2.COOH 

CHOH.COOH CH2.COOH CH2XOOH 

Tartaricadd Malic add Succinic add 

Tartaric acid is a dibasic acid ; it not only forms well-defined acid^alts, 
such as fotassiwn hydrogen tartrate, KH 0411403, but also stable dialkyl 
esters, such as the liquid ethyl tartrates Et2C4H40g, and the crystalline 
methyl' idfli^Mes \oih of which can be distilled unchanged under low i^es- 
sure. The molecule contains two. alkylic hydroxyl groups, fear ethyl 
tartrate is converted by acetyl chloride into crystalline ethyl diacetyltar" 
Irate, melting at 67®. . 

The tartrates are substances of great antiquity Cream of 
tartar was known to the ancient Greeks, and tartar emetic, 
K(Sb0)C4H404 -f iH20, a basic, but soluble antimony salt, 
majde by boiling cream of tartar with antimonious osdde and 
water, was used in the middle ages. Sodium’^^ potassium 
1 ^, or JHochstU tmtt* -|-4HjO ;(Seigiiette, 1^72), is 
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a well-delined crystalline substance, formed by dissolving 
cream of tartar in sodium carbonate solution. Calcium tar- 
trate, which is^ thrown down when calcium chloride is well 
stirred with a neutral solution of a tartrate, is soluble in acetic 
acid and in caustic soda, and thus easily distinguished from 
calcium oxalate ; it is reprecipitated on warming the alkaline 
solution. 

The tartrates are further distinguished by two other pro- 
perties. They are readily oxidisable (§ 160), and thus 
reduce silver solutions ; and like other poly-hydroxy-com- 
pounds, they prevent the precipitation of copper€hid iron 
by alkalies. 

On warming a neutral solution of a tartrate with ammoniacal silver 
nitrate, a silver mirror is deposited on the sides of the vessel, the acid 
being oxidised to carhonic and oxalic acids ; and on adding caustic soda to 
a solution of copper sulphate containing Rochelle salt, a deep blue alkaline 
solution is obtained (Fehling, 1849), which id used for the detection and 
estimation of substances, such as sugars, which reduce copper only in 
alkaline solution. 

160 . Dihydroxy maleic and Dihydroxytartarie Acids. — When 
hydrogen peroxide is added to a solution of a tartrate, to which 
a httle ferrous salt has been added, the solution turns yellow, 
and on adding caustic alkali an intense violet colour is 
developed. The same result is obtained on exposing the ferrous 
solution to air in direct sunlight. 

This reaction, which affords a delicate test for' tartrates, is 
due to the formation of an oxidation product, dihydroxy- 
maleic acid, which may be precipitated from the yellow 
solution atalow temperature by adding fuming sulphuric acid. 

OH C coon 

Dihydroxymaleic acid, (Fenton, 1894), is a sparingly solu- 

y OH.CpGOOH 

ble crystalline substance, and a strong acid, K When warmed with 

water it effervesces, decomposing into carbon dioxide and glycolUc 
aldehyde, and is hence an energetic reducing agent. It is reduced to 
racemic and succinic acids by hydriodic acid at 100°, and is oxidised 
by bromine to dihydroxytartarie acid. 

l>ihydfoxytartaric acid, COOH' ^ crystalline solid, which is 

more soluble and less acid than the maleic derivative; K“i*24. Its 
sodtitm salt is practically insoluble, and therefore serves as a test for 
so^um. Dihydroxytartarie acid is also formed by. the action of nitric 
^d On protocatechuic acid (§ 310) ; it Is reconverted into the maleic 
derivative whed reduced with zinc and sulphuric acid, and when heated 
with water a resolved into carbon dioxide and tartronic acid ( S 129). 
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f{^6x 


CHOH.COOH 

a^oacooH ' 


OH.C.COOH 
' oac.cooH ^ 


C{OH)..COOH 
“■ C(OH)j,COOH 


L rCHOH|_^CH,OH ( 

LchohJ cho 


^CHOH.COOH 

"COOH 


161 . Sacemle and tfeso-Ta:tario Acids. — Ordinary tartaric 
acid is optically active and dextrogyrate, [ajj, = + 14°, as its 
formula cpntains asymmetrical carbon. But as there are 
two asymmetrical atoms, there are four stereoxsomeric acids, 
namely, dextro- and Imvo-tartaric acids, and racMnic and 
mesot^ll^ic acids ; the two last are optically inactive. 

Racemic acid, the inactive acid corresponding with inactive 
malic and lactic acids, is formed when tartaric acid is heated 
with water (i mol.) at 175'^ ; it was first obtained from the 
mother-liquor of this compound, in which it is doubtless 
produced during the evaporation, 

Hacemlc acid is more conveniently made by boiling tartaric acid with 
excess of concentrated caustic soda; sodium mesotartrate is first formed, 
but is slowly converted into sodium racemate by further isomeric change ; 
the acid is then isolated by means of its insoluble calcium salt, in the same 
way as tartaric acid- The racemic acid crs^tals are readily picked out 
from any crystals of unchanged tartaric acid, as they are efflorescent. 

Many optically active compounds are similarly converted 
into inactive modifications when heated alone or with reagents, 
and such optical inversions are known genericq^ as 
racemisations; part of the optically active molec^fc are 
transformed into their antipodes, which unite with IBe re- 
mainder, forming the racemic compound. 

„ . CHOH.COOH ^ ,,, 

Racemic acid, +HjiO (Kestner, 1822), crys- 

tallises with water, which it slowly loses even at the ordihary 
temperature ; the anhydrous acid melts at 206®. 

Racemic and tartaric acids were the first isomeric compounds 
recognised, (Berzelius, 1829). The metallic racemates differ 
from the tartrates much in the same way as the inactive from 
the active lactates ; calcium racemate is insoluble in acetic 
acid. The chemical relations of the acid, however, are practi- 
cally identical with those of tartaric acid, and ite constitution 
is therefore the same. . • ' 

Rac^c acid and the second inactive acid, mesotartaric add, are the 
products obtained in all syntheses of the tmtkicacids (compare Syntbtsis 
0f Lactic Acid, I XJ7)* Ctidum racemate is formed when calcium ^om<K 
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succinate is boiled wittf lime water (Kekul6 and Perldn, i86i). Ethyl 
racemate is obtained when ethyl oxalate is reduc^ with sodium amalgam 
* (Debus, 1872), and racemic and meso-tartaric acids can themselves be 
made from glyoxal by the cyanhydrin synthesis. 

OEt.CO.COOEt CHBr.COOH CHOH.COOH CHOH.CN CHO 
OBt.CO.COOEt CHBr.COOH CHOH.COOH CHOH.CN CHO 

J ■ I ’ 

The second i^ctive isomeride, meso-tartaric acid, is made 
by protracted heating of tartaric or racemic acid with water 
(i mol.) at 165°, and is reconverted into racemic acid by the 
same process, at 175°; after separating racemic- acid by 
fractional crystallisation, any unchanged tartaric acid is 
removed as tie acid potassium salt. 

Mesotartaric acid^ COOH (Pasteur, 1851), is a crystalline 


H.C.OH 

H.C.OH 


+ H,0 


COOH 

substance melting at 143*’, or at-a lower temperature than 
racemic acid, than which it is also much more soluble ; the 
same applies to its salts, potassium hydrogen mesotartyate 
being freely soluble in water. 

162 . Lmvo-Tartarie Acid. — Racemic acid is resolvable into 
dextro- and laevo-tartaric acids, in the same way as inactive 
lactic and malic acids into their corresponding active iso- 
meci^s ; the separation was the first of the kind effected, and 
ha^Ren the model for all similar work; (Pasteur, 1851). When 
momS it grown on a solution of racemic acid, the dextro-acid 
is destroyed much faster - than the laevo-acid, and the 
solution eventually contains only the latter. Similarly, 
cinchonine racemate^ like strychnine lactate, and for the same 
reason (§ 139), can be separated into its components by 
fractional crystallisation, cinchonine' Icsvotarir ate hoing less 
soluble than the dextrotartrate. 

The most interesting method of separating the two acids is 
based on the asymmetry of the crystals. On confentrating a 
solution of sodium ammonium racemate, prepared by mixing 
equivalent solutions of the sodium and ammonium salts, 
two kinds of crystals separate, which are recognisable as 
mirror images of each other, and can be picked out by hand 
(Pasteur). The separation is effected with less trouble by 
introducing^ crystal of either salt into the supersaturated 
solution, when the crystals of that particular kind alone 
appear 
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In any case separation only occurs when the crystals are deppsitwi 
below 28°, which is the transition temperature, at which 
the racemate exists in equilibrium with its optically active constituents. 
Above this temperature the active constituents reunite to form the 
racemate. The crystals are hemihedral, those of the dextrogyrate acid 
being dcxtrohemihedral, and those of the laevogyrate acid, laevohemi- 
hedral. It was this essentfally asymmetrical structure of the crffetals, 
which first led to the suggestion that the molecules are asymmetrical 
(Pasteur), and eventually to the theory of stereoisomerism. 

Lcevotartaric acid (Pasteur, 1851) resembles ordinary tar- 
taric acid in every respect, with the exception that it is 
laevogyrate ([ajj, = -14®), and that its crystals are mirror 
images of those of the dextro-acid. On mixing its concen- 
trated solution with one of ordinary tartaric acid, much heat 
is evolved, and racemic acid crystallizes out (Pasteur). 

163 . The Isomerism ol the Tartaric Acids, — The isomerism of 
racemic acid and its constituents is analogous to that Of the 
lactic acids, but more complex, owing to the presence of two 
asymmetrical atoms in the molecule. The groups are 
similarly arranged around these two atoms, but in one 
cyclic sense in the dextro-acid, and in the opposite sense in 
the laevo-acid ; racemic acid being represented by the two 
formulae together {§ 141), or simply by the ordinary structural 
formula. The solid formulae are in turn represented by plane 


projections. 

coon 

COOH 

OH^ 

COOH 

COOH 

A 

or n.tOH 
OH.C.H 


X 

or OH.CH 
H.COH 


COOH 


;;^^0H 

COOH 

^OH 



COOH 


rf-Tartaric Add, 


/.Tartaric Add. 


Racemic acid is inactive by external compensation, or the 
mutually opposed action of its active component molecules j 
it is hence termed an externally compensated* com- 
pound. The mutually opposed aisymmetrical groups of 
mesotartaric acid must therefore be arranged within the 
molecule, in such manner that the one active set is 
neutralised by the other, internally. 

^ Mesotartaric acid being inactive by internal compensa- 
tion, is termed an internally compensated com- 
poutidj if is evident that a substance having a single. 
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■foAriuIa such as this cannot be converted into isomerides 
without undergoing internal chemical change. 


COOH 



COOH 


COOH 
or H.COH 
H.aOH 
COOH 


Mesotartaric Acid, 


These configurations are ooaifirmed by the chemical relationships of the 
acids. All four are reduced by hydriodic acid, first to malic acid, and 
ultimately to succinic acid ; but whilst in every case the same succinic 
acid is produced, the active acids yield the active malic acids, and the 
inactive acids, inactive malic acid. Similarly, the acids formed by syn- 
thetic methods are invariably inactive, the chances of formation of the 
two active varieties being equal ( § 141). 

These formulae also explain the preliminary formation of mesotartaric 
acid in the racemisation of ^f-tartaric acid. In the dextro*acid both 
asymmetrical groups are dextrorotatory, and unless both groups in each 
molecule are inverted simultaneously, which is improbable, the molecules 
of the initial product each contain one dextrorotatory and one laevoro- 
tatory group* or are inactive by internal compensation. 

But as the inversion proceeds, either the second dextro-groups are 
converted into be vo- groups, in which case i-tartaric acid is formed, or 
the laevo-groups are reconverted into the original dextro-groups, in which 
case ii'tartaric acid is re-formed. There is no selective action in inversions 
of this kind, and hence the chances are equal ; equal numbers of and 
U tartaric molecules are produced, and the molecules of the final product 
each contain one dextrorotatory and one Isvorotatory molecule, or are 
inactive by external compensation (compare S3mthesis of Lactic Acid, 
§ I4i)- 

The formulas, moreover, are in agreement with those of maleic and 
fumaric acids. These acids, as ethylenC' derivatives, are oxidised by 
dilute permanganate to the corresponding dihydroxy- compounds. But 
whilst maleic acid is converted into mesotartaric acid, fumaric acid yields 
onlv racemic acid, equal quantities of the two active acids (Kekule, 
moy 
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COM COW 

Active tar- 
taric acjds,* 
together 
forimpg 
rac^ic 
acid. 


164 . Citric Acid.— The acid of lemons and sour gooseberries 
is a hydroxy-polybasic acid, which ^ears to glycerol a relation 
somewhat analogous to that of malic acid to glycol, and^jnay 
be conveniently considered in this place ; it is readily obtained 
^rom unripe lemons. 

The juice having been boiled, and filtered from the coagulated 
albumen, is neutralised, with chalk and milk of lime, and again boiled, the 
insoluble calcium citrate thus precipitated being decomposed with dilute 
sulphuric acid, as in the isolation of tartaric acid. 

CH2.COOH 

Citric aoidy C(OH);COOH + H2O (Schecle, 1784), forms large 
CH2.COOH 

crystals, of pure and very agreeable acid taste ; tfce hydrated 
acid melts at 100°, and the anhydrous acid at 153^, Citric acid 
is tribasic, as it forms three classes of salts, such as the mono-^ 
di~ 3LD.d tri-potassium citrates, which are prepared in the same 
way as the ammonium oxalates (Liebig, 1838); its mole- 
cular weight further fellows from that of triethyl citrate, a 
liquid boiling at 185^/17 mm. 

That the acid contains alkylic hydroxyl, is proved by the conversion of 
this salt by acetyl chloride into trieihyl acetyl-citrate, QH^OAc) (COOEtls, 
a crystalline substance, resembling the corres*ponding\artrate. 

As regards nucleal constitution, citric acid is a derivative of 
glycerol, for it is reduced by hydriodic acid to iricarballylic 
acidy C3H6(C00H)3, a soluble crystalline substance melting 
at 166®, which can be made from tribromhydrin by the cyanide 
synthesis (Simpson, 1863). 

CgHgBrs C3He(CN)3 C3H6(COOH)3. 

It is tfierefore represented by one of the two formulae — 
CHa.COOH CHOH.COOH 

C(OH).COOH or CH.COOH 
y CHa.COOH - CH2.COOH. . 

'^t of these must be chosen, for the acid is o^dis^ 
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to acetone and carbon dioxide when distilled with manganese 
dioxide and dilute sulphuric acid ; and when heated with con- 
centrated sulphuric acid on a water-bath, it yields carbon 
monoxide and a crystalline acetone derivative, which separates 
on slightly diluting the product with water. 


Acetone-dicarhoxylic acid, COOH.CH2.CO.CHa.COOH (Pechmann, 1891) 
IS a crystalline substance which melts at 130**; and then decomposes 
into carbon dioxide and acetone. 


COOH.CHa \ pjrtTTv pnnw COOH.CHu . „cr\ 


185. Synthesis o! Gitrie Acid. — Citric acid can be synthesised 
both from dichloracetone, and from acetoacetic acid. 

Dichlor acetone, CH2Cl.CO.CH2 Cl, a crystalline substance formed by 
oxidising a*dichlorhydrin. with chromic acid, is converted by the cyan- 
hydrin synthesis into dichloracetonic acid, CH2C1.C(OH)(COOH).CH2C1. 
This substance is converted into the corresponding dicyanacetonic acid, 
CN.CH2.C(0H)(C00H).CH2.CN, by boiling with concentrated potassium 
cyanide solution ; and on saturating the product with hydrogen chloride, 
the cyanide is hydrolysed to citric acid (Grimaux, 1880). 

CN.CHa.CfOHl-CHa.CN COOH.CHa.CiOHJ.CHa.COOH 
COOH COOK 


The acetoacetic synthesis is effected by chlorinating ethyl acetoacetate, 
and heating the y-chloroacetoacetate, CH2Cl.CO.CH2.COOEt, with potas- 
sium cyanide solution. On digesting the y-cyanoaceioacetate, CH2(CN). 
CO.CH2.COOEt, with hydrocyanic and hydrochloric acids, it is converted 
into citric acid (Haller, 1891). 

CHaCNj.CO.CHa.COO^t -> CH,(CN).C( 0 H}.CH 2 .C 00 Et 
CN |- 

CHs{COGH).C(OH).CHa.COOH 

CbOH. 


The formula of citric acid does not contain asymmetrical 
carbon, and the -acid, unlike the other vegetable hydroxy- 
acids, is therefore optically inactive, and cannot be resolved 
into active constituents. As a tertiary alcohol, it is broken 
up by oxidising agents, acetic and oxalic acids being formed. 

166. Synopsis. — The vegetable acids, malic and tartaric acid, 
are hydroxy-succinic acids. They are optically active com- 
pounds, but whilst there is only one inactive malic Scid, there 
are two inactive tartaric acids, the second of which is accounted 
for by the mutually compensating action of the two asym- 
metrical carbon atoms. Citric acid is a hydroxy-tricarboxylic 
derivative of glycerol. 
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>raOEt ^ CO.COOEt hydrolysis , CO.COOH 

COOEt.C;C Jacetate oxalacetic acid 

CH«.COOEt 
ethyl oxalate 
and acetate 


CH(OAc).COOEt 
CHa.COOEt 
tthyl acttylmalatc 


[166 



CaHa(OAc)a(COOEt), 

ethyl acetyl tartrate 


C(OH)..COOH . 

beat C(OH)avCOaH"^ 
dihydroxyiartaric acid. 
very poweiful'acid 


Hkydroxymaielc acid 
|)owc^ul acid 


HaO, hot - CHjOH 

l^ycoUk aldehyde 



SECTION IX 

SIX-CARBON DERIVATIVES 
CHAPTER XXX 

THE CARBOHYDRATES SUGARS 

167* Cane Sugar. — The natural sugars and related products 
are for the most part either substitution derivatives of hexane, 
or condensation products of such derivatives. The well-known 
substance, cane sugar, is of great antiquity. Originally intro- 
duced from India in the time of Alexander. the Great, the 
sugar-cane gradually spread through Southern Europe ; it 
was introduced into the West Indies in the fifteenth century, 
soon after the discovery of America. About half the sugar 
of commerce is obtained from this source, the remainder being 
made from the sugar maple in North America, and the sugar 
beet on the Continent. 

The process of extraction is much the same in all cases. The sap or 
juice, which may contain as much as 20 per cent, of sugar, is expressed 
mechanically, or exhausted with hot water, and boiled down to a thin 
syrup. The accompanying vegetable acids are then neutralised, and the 
^bumen precipitated, by the addition of milk of lime, the concentration 
being continued in steam-heated vacuum pans until crystallisation begins. 

The crude arystalline product is ordinary brown sugar, and is converted 
into white sugar by recrystalUsing and decolorising with animal charcoal. 
The mother liquor from the brown sugar yields a second crop of still darker 
crystals, and the residual uncrystallisable syrup is partly used as molasses 
or treacle, and partly worked up into alcohol — rum. 

Commercial cane sugar is a singularly pure product, and probably no 
other organic compound is prepared on so large a scale and in so pure a 
state. Ordinary loaf sugar is crystallised quickly, and from hot solutions, 
whilst sugar candy is prepared by allowing cold syrup to crystallise slowly 
on nuclei of string f the various brown sugars are simply pioducts more 
or less contaminated with mother liquor. In the laboratory, sugar is 
readily extracted from cane or beet by boiling with moderately strong 
alcohoL 

Cape sugar or sucrose, CiaHsaOn, forms transparent, hard 
crystals^ melfing at 160^ {saccharum,Itom Sanscrit s sandy). 

*17 
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The colouriess melt does not at once recrystalUse on cooUi^, 
but remains for a time in a transparent, amorphous conditicHi ' 
— barley sugar. At a somewhat higher temperature the sugar 
is converted into caramel, a dark brown, permanently amor- 
phous substance, which is still soluble in water. Sugar itself 
is very soluble, forming the well-known sweet syrup, but it is 
practically insoluble in absolute alcohol. The aqueous solution 
is strongly dextrogyrate, [«]„ — +66®, and the concentration of 
a sugar solution can therefore be estimated polarimetrically 
(see Glucose, § 1 68), 

.When sugar is heated to redness, it swells up and blackens, 
giving off the characteristic fumes of burnt sugar ; it even- 
tually loses most of its hydrogen and oxygen in the fcam of 
water, and is converted into charcoal ; concentrated sulphuric 
acid acts in a similar manner, as a mixture of strong syrup 
with the acid blackens and swells up enormously. The 
elements being present in the proportion to form water, sugar 
and similar compounds are known generically as carbohy- 
drates. 

Cane sugar is distinguished from other sugars (§ i68 et seq.) 
by the action of sulphuric acid, and the absence of action 
with caustic alkalies, alkaline copper tartrate, yeast, and 
phenyl-hydrazine. When oxidised with nitric acid, ft yi™fe 
principally oxalic acid (§122), but tartaric and saccharic aemr 
(§ i8r) are also formed. 

168. Glucose. — Honey, which was known long before cane 
sugar, slowly deposits, when kept, h sweet crystalline sub- 
stance which is quite distinct from that of the sugar-cane. 
The same substance is obtained by concentrating the juice of 
ripe grapes and other fruit, and can be prepared artificially by 
hydrolysing cane sugar or starch with dilute acids (hydrogen 
ions). * 

On dissolving powdered cane sugar in warm spirit acidified with very 
dilute hydrochloric acid, a clear syrup is obtained, which after a few days 
deposits CTjTsf^ of glucose ; the crystallisation can be effected in twenty- 
four hoturs if the syrup is sown with a ready-ionned crystal of the product. 

Similarly, on digesting starch on a water bath with very dilute sulphuric 
add, it is dissolved, and after a time entirely conveated into this sugar. 
On-removing the add with powdered chalk, and concentrating the solu- 
tion, the glucose eventually separates (Kirchhoff, i8n). As in all such 
Case$, the crystallisation is hastened by introducing a ready-formed crys- 
tal into the syrup. If anhydrous glucose crystallised from alcoholic 
idiutioa in used, and the syrup is warmed, anbydmus crystals at once 
aeparate* 
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Glucose ulso formed ia diabetes, and is excretea . . 
'lively wionnous quantities, sometimes as much as half a 
kilogram a day, in* the urine of persons suffering from that 
disease. 

Glucose^ dextrose^ or grape-sugart, (Glauber, 1660), is 

a colourless substance, melting at 146°, which crystallises from 
cold solutions with i mol. of water of crystallisation, but from 
hot solutions or methyl alcohol in the anhydrous state ; it is 
somewhat less sweet than cane sugar. 

Like cane sugar, glucose is dextrogyrate, [a]i, - + 53* ; but when 
freshly dis^lved in cold water its activity is much greater, owing to the 
initial formation of a labile isomeride. This isomeride is converted into 
the ordinary stable form, slowly at ordinary temperatures, but rapidly 
when the solution is heated or made slightly alkaline. The rotatory power 
of a freshly-made solution of glucose therefore diminishes to about half 
the ipitial amount, and then remains constant. This phenomenon, which 
is common amongst the sugars, is known as birotation or muta- 
rotation. 

Glucose differs in many respects from cane sugar. It is 
soluble in alcohol, is not charred by sulphuric acid, and is 
coloured brown when warmed with caustic soda solution. It 
strongly reduces ammoniacal silver nitrate and alkaline copper 
tartrate (§ 159), when warmed with these agents ; in the first 
m^Uic silver is deposited in the form of a mirror, and 
Ip^he second case, the cupric salt is reduced to red cuprous 
oxide. An emulsion of bismuth hydroxide in caustic soda is 
similarly reduced to black metallic bismuth when heated 
with glucose. 

The action with copper is quantitative; one molecule of glucose 
reduces five atoms of the metal, and the amount of sugar in a solution 
such as urine may be estimated by r unning it into a known amount of 
the boiling copper solution until the colour is just discharged (Fehling, 
1849). ‘ . 

Glucose is further distinguished from cane sugar in that it is 
directly fermentable by yeast (§ 172), and when heated on 
a water-bath with phenyl-hydrazine acetate is converted into 
a golden-yellow crystalline compound, glucosazone (§ 185). 
The microscopic appearance of the osazone crystals is very 
characteristic, and their formation affords a conclusive proof of 
the presence of glucose in liquids such as urine (Fischer, 1884). 

169 . Frn^se.^Besides glucose, honey and grape-juice con- 
tain an isomeric sugar, fructose or levulose. which is much 
niore 4 ifficult to^l^stallise. It is also foniifd. ia equal amount 
with glucose, in hydrolysis of cane-sugut 
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The sugar is hydrvlj^ed by heating on a water bath with dilute sulphuritf 
acid, and the add is removed with powdered chalk. Slaked lime is now 
slowly stirred into the ice-cold product without allowing the temperature 
to rise, and the resulting predpitate of the insoluble lime compound of 
fructose is filtered off and washed: The precipitate is suspended in water, 
and washed carbon dioxide passed in until the lime is converted into cab 
clum carbonate; and on evaporating the clear solution, the fructc^te 
remains as a syrup (Dubrunfaut, 1848). After dehydrating by shaking 
with cold absolute alcohol it slowly crystallises, and can then be recrys- 
tallised from hot alcohol. 

Fructose is also readily obtained in a pure state from inulin 
or dahlia starch (§ 176), in the same way as glucose from 
ordinary starch. 

Fructose y levulose or fruit-sugar, CgHjjjOg (Lowitz, 1802), is a 
colourless, crystalline substance melting at 95°. Like cane 
sugar and glucose, it is optically active, but Isevogyrate, 
[(i]p = -yi®. Fructose reduces metallic salts in the sanie ^ay 
as glucose, although more slowly, and it is less easily fer- 
mentable by yeast. 

On the other hand it is converted by phenyl-hydrazine 
into glucosazone, and under certain conditions is inter- 
convertible with glucose, and a third isomeric sugar, mannose 
(§ 186) ; an alkaline solutionof any of these sugars eventually 
contains all three in equilibrium (de Bruyn, 1895). , 

The products of the hydrolysis of cane sugar are sifcp]^ 
glucose and fructose. The equimolecular mixture, which is 
obtained in semi-crystalline form on evaporating the product 
after elimination of the acid, is known as invert sugar ; the 
laevo-rotation of the fructose more than counterbalances the 
dextro-rotation of the glucose, and thus inverts the 
rotatory power of the cane sugar, the dextrogyrate solution 
becoming laevogyrate. 

^21^22^11 +H5O -j-CfiHj20g, 

170 . Milk Sugar and Malt Sugar : Galactose.— The sweetness of 
milk is due to a sugar, milk sugar or lactose, which is isomeric 
with cane sugar. It is obtained by evaporating clear whey. 

Lactose ox milk sugar, CJ2H22O11 (Bartoietti, 1619), is a hard, 
gritty substance, which can be obtained in large, crystals, and 
melts when anhydrous at 205® j it is less sweet and soluble than 
cane sugar, but like it is dextrogyrate [aj^— +52°. 

Lactose is characterised by reducing metallic solutions 
even in the cold, and forming a yellow i it is not 
mentable by yeast, but is converted by tiie lactic ferment hito 
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lactic acid, which is also formed by fusing it with caustic 

Ljda. \ 

Like cane sugar, however, lactose is hydrolysed by dHute 
mineral acids (although not by weak acids, such as citric acid) 
to two simpler sugars ; one of these is glucose, and the 
o^er an isomeric hexose,* termed galactose. 

The lactose is boiled with very dilute sulphuric acid, and the acid 
eliminated in the manner already described, the new sugar -crystallising 
out from the resulting syrup on adding a crystal of galactose ; it is washed 
with cold alcohol, and. recrystallised from boiling alcohol. 

Gra/acfose, CgHj20g (Erdmann, 1855), is a sweet crystalline 
substance melting at 164®. It closely resembles glucose, and 
easily reduces alkaline metallic solutions ; but its specific 
rotatory power is greater, [aj^ = +81®, and it is practically 
insoluble in methyl alcohol. 

The conversion of starch into glucose is preceded by the 
formation of a third isomeride of cane sugar, which is readily 
prepared by the action of the enzyme, maltase (§ 173) of malt 
extract. 

A mixture of malt extract with 20 per cent, starch paste is heated at 
60*^ for an hour, and then boiled and filtered ; the solution is evaporated 
to a S3Tup, and the sugar crystallised from hot methyl alcohol. 

or starch sugar, C12H22O11 +H2O {Kirchhoh, 1811), 
'IS a crystalline substance somewhat resembling glucose. The 
anhydrous substance, obtained by dryiiig the hydrated sugar 
at 100®, is very hygroscopic. 

Maltose is strongly dextrogyrate, [a]^= + 141®, butit is less 
easily soluble in alcohol, and reduces alkaline metallic solutions 
less easily than glucose. It forms a characteristic osazone, and 
is directly fermentable by yeast ; when boiled with very dilute 
sulphuric acid, it is hydrolysed to glucose alone. 

"b HaO = zCgHj^Og. 

A fourth sugar of the same type as cane sugar and lactose, although 
more complex, is found in eucalyptus manna, and in beet molasses. 
nose, is a crystalline substance, which is hydrolysed by dilute 

sulphuric acid to glucose, fructose and galactose. 

> 171 . The Glueosides. — A variety of crystalline substances 
occur in plants, which are hydrolysed by accompan3dng 


* The difiScuIty which arises from the use of the word glucose as a generic 
aameiot $ix.carboi^|higars, as well as a synonym for dextrose, is met bf 
adc^ting the term hMcse for the class (Fischer, 1890), 
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enz3nne3 (| 173) to glucose ai^ various products, and 
termed on this account the glucosides. AmygdaliHy 
NOii', a soluble crystaliine substance, melting at 200®, fouha 
in bitter almonds, is hydrolysed by the enzyme emvlsin, or by 
very dilute sulphuric acid,to grape sugar, benzaldehyde (§ 275;^ 
and hydrocyanic acid ; it is on account of the formation of 
latter that bitter almonds are poisonoua 

Phloridzin, C2i'ii2iOiQ, a similar crystalline substance, is formed in the 
root bark of apple and other trees of the same order, and is hydrolysed by 
acids to glucose, phloretic acid and phloroglucinol ( § 305) ; it is of inter^t 
as producing artificial diabetes in animals. Potassium myronatey 
KOioNSj, the crystalline glucoside of black mustard seed, is hydrolysed by 
alkalies, or the accompanying enzyme myrosin, to glucose, allyl mustard 
oil (§ 210), and potassium hydrogen sulphate. 

Soq^e of the glucosides can be made synthetically. 
a glucoside obtained by the oxidation of salicin, the natural glucoside of 
the willow (§ 308), can be synthesised from salicylic aldehyde and glucose ; 
when reduced with sodium amalgam it is reconverted into salicin, iden- 
tical with the natural product. Analogous but simpler compounds, such 
as the methyl-glucosides, CgHnOg.OMe, have been formed by saturating 
alcoholic solutions of glucose with hydrogen chloride. 

172 . Fermsntation.—The various processes of fermentation 
which are so frequently used in preparing organic substances 
consist essentially in decomposing them by means of certain 
microscopic fungi, or rather, by the action of complex albu^ 
minous substances, termed enzymeSy which are secreted by 
these fungoid organisms. 

The alcoholic fermentation of glucose, fructose and maltose 
is induced by the enzyme zymase (§ 173) of the yeast fungus, 
a minute^ widely distributed, unicellular organism. 

The action only proceeds within certain limits of temperature, 4 ^ 34 * 
and most quickly withiu much narrower limits, 25-30*^, and in solutions of 
appropriate conoeo^ation ; it stops as soon as a certain percentage of 
alcohol is formed,, the fungus being killed by strong alcohol, as well as by 
heat and acids, and the ordinary antiseptics ; certain mineral and am- 
monium salts nu^t also be present to afford food for the ferment. 



The.gre^^ part of the sugar (95 per cent.) is converted into 
alcohol carbon dioxide, the latter gas being evolved in 
abund^fe. The decomposition is apparently simple, ♦‘ and is 
of his^ical interest, as the equation of weight between the 
sugai^&d the resulting products afforded the first instance of 
the Conservation of mass (Lavoisier, 1790). 

QHijOg = zCjHflO + 2CO3. 


k possible, however, that lactic add it an intermediate prddM^^ 



7751 Carhohydraies : Sugars 22 % 

The residue of the sugar is converted into glycerol (3 per cent.)> succinic 
add (0*5 per cent.)» and fueloil, the constituents of which, as already ind- 
dentally stated, are mainly isopropyl, isobutyh isoamyl, and active amyl 
alcohoh,^gether with normal propyl and butyl and higher al^hola 
The fonu'ation of these compounds is due to the presence of forei|^ organ- 
isms, as their amount diminishes a$ the yeast is &eed from such impurities 

selective cultivation. 

The lactic fermentation of sugar and the destruction of tar- 
taric acid by mould are effected by similar organisms, and the 
natural oxidation of alcohol to acetic acid is brought'about by 
a fungus, mycoderma aceti, which will thrive even in a 14 per 
cent, solution of alcohol. Similarly urea in urine (§191) is 
hydrolysed by micrococcus Ureae ; putrefaction itself is due 
to the action of such ferments, the ptomaines or animal alka- 
loids (§215) being formed in this manner from albumen and 
other proteins (^222). * 

The action of the yeast enzymes, in conjunction with that 
of diastase (§ 173), is utilised in brewing and spirit-making 
After the starch of the grain has been hydrolysed to maltose 
by the diastase of the malt, yeast is added to the warm mash, 
and as soon as enough of the. maltose and dextrin (§177) has 
been converted into alcohol, is separated mechanically. The 
product is then flavoured with hops, and coloured if necessary 
with charred malt. Beer rarely contains more than 5 per cent, 
of alcohol. 

In thp manufacture of grain spirits, such as whisky, the product is dis- 
tilled wKiliout the addition of hops or colouring matter. In the preparation, 
of potato spirit much the same procedure is followed, but the hydrolysis 
of the starch is partially effected by steaming the potatoes under pressure 
at 150“, before adding the water and malt. In making potato-spirit, pure 
cultivated yeast is usually employed. 

173 , Enzymes.—- Whilst little is yet known of the chemical 
mechanism of fermentation, it is certain that the change is not 
dependent on “ vital action, but is due to the action, catalytic 
or otherwise, of enzymes — non-living, albuminous substances 
of complex constitution, which are secreted by the living 
ferment-organisms, but retain their activity under conditions 
which are incompatible with life. 

It has been known for many years that germinating seeds 
contain an enzyme, diastase, by which starch is rapidly 
hydrolysed to maltose. This enzyme is present in relatively 
large amount in naalt, and is obtained as a gelatinous precipi- 
^te on adding ^ohol to malt extract* The precipitate 

* Halt is barley which has been soaked until genDlnatioo commeooeSf 
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diastase can be washed with alcohol and ether, and dried on 4 
porous plate without impairing its activity. . 1 

'Vitistase (Payen, 1833) is a white amorphous powder, which 
dissolves in water to a clear solution, and like albumen, is 
coagulated by heat. When a little diastase is added to wann 
starch emulsion, the jelly liquefies with great rapidity, and the 
starch is eventually hydrolysed to maltose. 

Saliva contains a similar enz5Tne, ptyalin^ which hydrolyses the starch 
of food in a sirmlar manner, and thus prepares it for assimilation, MUk 
sugar is similarly hydrolysed to its constituents by an enzyme, lacioie, 
which is present in milk * 


The enzymes of yeast are of great practical importance. 
By extracting powdered yeast with water, a solution is obtained 
froi% which an enz3nne, maltase, is precipitated by alcohol, 
Maltase rapidly hydrolyses maltose to glucose, and the 
action is quantitative when the solution is dilute ; it has no 
action on cane-sugar or milk-sugar. 


In concentrated solutions the ptrocess is reversed, and the glucose is 
condensed to maltose and isomeric sugars ; equilibrium results in a 40 
per cent, solution of either sugar when 84 per cent, of the maltose has been 
hydrolysed, or 16 per cent, of the glucose condensed. This reciprocal 
action is termed reversible zymolysis (Croft Hill, 189S). 


If pressed yeast be kept for some weeks, it does not putrefy, 
but is converted into a yellow liquid, termed yeast liquor, 
from which, after due filtration, a second enzyme, invertase, 
is precipitated by alcohol. 

Invertase is a soluble, albuminous substance resembling 
maltase, . When added to warm cane-sugar solution it in- 
verts (hydrolyses) the sugar with great rapidity ; the action 
is catalytic, as the enzyme can afterwards be precipitated 
unchanged. Invertase is coagulated at 65**, and destroyed by 
alkalies. 

The alcoholic fermentation of sugar is caused by an enzyme, 
zymase, which can be extracted in a sinjdar manner after the 
yeast cells have been ruptured by prolonged grinding with fine 
quartz sand ; the fragments of the cells are removed by filtra- 
tion through porous porcelain under pressure. 

Zymase (Buchner, 1897) is an albuminous substance, which 


and then heated or malted ” to destroy the living germ ; the diastase 
remains unaffected, and not only hydrolyses the starch of the malt itself, 
^ but also that of the unmalted grain whi^ is mashed up with the ii^dt in 
. the procet of brewing. v- 
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resembles its congener ; when it is added to warm glucose solu- 
tion a brisk effervescence immediately commences, owing to 
the resolution of the sugar into alcohol and carbon dioxide. 
As* zymase usually contains invertase, it also ferments cane- 
sugar solution with equal rapidity. 

The activity of these enzymes is suspended at low tempera- 
tures, or in presence of much alcohol, and is destroyed by heat 
and most chemical agents*; prussic acid immediately “poisons” 
zymase, as if it were a living organism, 

174 , Selective Aotton of Enzymes. — The action of enzymes is governed 
largely by stereochemical conditions. The molecules of the various hex- 
oses contain four asymmetrical carbon atoms, and the possibilities of 
stereoisomerism are therefore very great. Yeast attacks those sugars 
with greatest readiness whose configuration or spacial constitution most 
closely resembles that of grape-sugar, and leaves the antipodal compounds , 
practically unaffected. It hydrolyses dextro-methyl-a*glucoside {§§ 171, 181) 
but not the corresponding laevo-compound ; it ferments the sugars contain- 
ing three, six or nine-carbon atoms in the molecule, but leaves the four, 
five and seven-carbon sugars untouched. 

An analogous phenomenon obtains in the esterification of mandelic 
acid (§ 383) by an optically active alcohol, laevo-menthol {§ 349) ; man- 
delic acid is a racemic compound, and , os heating it with the alcohol the 
dextro-acid is converted into ester, the laevo-acid remaining unaffected 
IMarckwald, 1899). The separation of “ racemic ” acids as salts of optically 
active alkaloids ( § 162) is due to a similar cause. The enzymes have not yet 
been isolated in a pure state, but they are known to be optically active like 
albumen (§ 322), and it seems probable that just as a key can only turn 
the corresponding lock, an enzyme can only decompose a substance of 
similar molecular configriration (Fischer, 1899), 

175. Synopsis. — The natural sugars are six-carbon or twelve- 
carbon saturated compounds. They are termed carbohydrates 
as they contain hydrogen and oxygen in the proportion to form 
water. The twelve-carbon sugars or hexabioses are hydrolysed 
by very dilute acids and en^ 5 mies to the six-carbon sugars 
or hexamonoses, and the latter are split up in various ways 
by similar ferments. The most important decomposition of 
this class is that of glucose and fructose into alcohol and carbon 
dioxide by an enzyme zymase, secreted by the yeast fungus. 

* The activity of enzymes appears also to be dependent on the 
presence of a co-ferment. The co-ferment of zymase -is a dialysable 
non-coagulable substance, which is soluble in water, and insoluble in 
alcohol, and may be separated from the enz3niie by ^tration through 
gelatine (Harden, 1904), Neither zymase nor its cb-ferment alone pro- 
duce^ fenpentatlon of ^uooaer which proceeds only in jnresence of both. 
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THE NATURAL SUGARS. 


CjaHjjOii C12H22O1J 

sncrose or maltose or 

cane-sugar starch-sugar 

(160’] [tt]D= + 66* [a}D= + 141“ 


^ 12^28011 
lactose or 

milk-sugar . 
lao5“J[a]o=-l-5a* 



(and other 
glucobides) 



CHAPIER XXXI 


THB CARBOHYDRATES : STARCH AND CELLULOSE 

176, The Starches. — From tKe ready manner in which glucose 
and maltose are prepared from ordinary starch, and fructose 
from inulin, it is obvious that the starches are very closely 
related to the sugars. Like the latter they are carbohydrates. 

The st^ches are the reserve material of plants, and are 
probably forme4 from the sugars when the qpaount of the 
latter synthesised by the plant is in excess of immediate 
requirements. Bulbs and tubers contain' large quantities of 
starch, and this is why bulbous j^nts can grow and mature 
at a much earlier period of the year than others Seeds 
contain only enough for the development of the seed-leaves. 

Starch is usually obtained from grain or potatoes. When a stiff paste 
of wheaten ffour is tied up in a cotton bag, and kneaded under cold water 
the finely divided starch passes through the fabric, leaving the gluten and 
other constituents of the ffour behind, and on keeping the milky Hquid the 
starch gradually subsides, and may be dried at the ordinary temperature. 
It is separated on a manufacturing scale on much the same plan, the inter, 
stitial material being previously softened and disintegrated by allowing 
the coarsely-crushed and moistened grain to ferment. 

Starch or amylum, is a whil^, pulverulent sub- 

stance, which has been known from very early times {apAav 
^unground [flour]). It consists of amorphous, microscopic 
granules, of characteristic shape, usually oval or circular, 
although sometimes angular. These granules are composed of 
concentric layers, showing organised structure, and vary in 
size from 0-002 mm. in rice and pepper to as much as o*i mm. 
in sago and potato starch. 

j Starclr granules are quite insoluble in cold" water and 
alcohol, but they are converted by boiling water into an 
opalescent, sticky paste or emulsion. The starch is, in fact, 
^ reived into two constituents, an insoluble starch cellulose 
(coQ^kacE^elkiloset { 178}, which constltaies the outer layers 
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of the granules, and a soluble starch or granulose, which fonis 
the nuclei (Naegeli, 1856) ; the granulose is precipitated bn 
the addition of alcohol to the clear filtered solution. 

Granulose or soluble starch, (Ci2H2a^io)ioo* ^ tasteless, 
granular substance, which is readily soluble in water, but 
insoluble in alcohol. Like the sugars into which it is con- 
vertible, it is strongly dextrogyrate, {ajp = +200^*, and is 
blackened by sulphuric acid ; but it does not reduce Fehling’s 
solution, nor yield an osazone with phenylhydrazine. 

Granulose is characterised by forming with cold iodine 
solutions an unstable additive iodine compound, having an in- 
tensely blue colour, which is temporarily discharged by heat. 

other starches are known, but all have the same empirical fortuula. 
Glycogen or aninuil starch (Bernard, 1857) is found in the livers of animals, 
in which it is probably stored as a reserve material for use in periods of 
fasting ; it is converted by ferments into maltose, and by dilute acids 
directly into glucose ; and it differs from ordinary starches in that it is 
coloured red by^odine. Inulin, C 72 Hj^ 24 ^ 62 > the starch of dahlia and like 
tubers, is coloured yellow by iodine, and is quantitatively hydrolysed to 
fructose by dilute acids. 

177 . The Dextrins and Gums. — The ultimate product of the 
hydrolysis of starch is either maltose or glucose, as the 
hydrolytic agent is malt or a dilute acid ; but several inter- 
mediate compounds, which are formed concurrently with the 
maltose, can be isolated during the process by fractional pre- 
cipitation with alcohol. They are similarly produced when 
starch is heated at 200° (Vauquelin, 1811), and on account of 
their high dextrorotatory power are termed the dextrins. 

These compounds, which are pplymeric with starch, are 
transparent, amorphous substances, devoid of taste or odour ; 
they are freely soluble in water, forming sticky, gummy solu- 
tions which are used as substitutes for natural gum ; the gloss 
produced on starched fabrics by ironing is due to the formation 
of transparent dextrins. 

The dextrins are readily isolated by precipitation with 
alcohol, in which they are insolublej and they are sharply 
distinguished from starch by their behaviour with iodine, with 
which they either give a red colour or no colour at all. 

^ The hlfl^ dextrins are optically nearly as active as starch, and have 


• The molecular weights of the compounds of the starch grot^ have 
been determined approximately by the cryoscopic method, and fedoftihsk 
liydrotytic dacompoeiti^* : 




i5?8] The Carhohydrates : Starch and Cellulose 229 

very little reducing power, but as the series is descended and the molecular 
diminishes, the rotatory power falls off and the reducing power 
increases, until at last these constants approximate to those of maltose. 
It is therefore possible that there is only one dextrin, whicbhas the same 
rotatory power as starch, the reducing products precipitated by aIcoh"»l 
irom the products of starch hydrolysis being compounds of this with 
maltose. Some of these products, however, are very well defined. 

Erythrodextrin, (C^2H2QOj(j)g +H2O, of which at least two 
varieties can be isolated, is a soluble, gummy substance, which 
is precipitated by alcohol in spheroidal crystals. It is strongly 
dextrogyrate, [a]j,= +196°, but differs from granulose in' that 
it is coloured red by iodine (whence its name) and reduces 
Fehling’s solution. 

Maltod&xtnn or achroodextrin, {^^^20^10)3 +H2O, is a 
sweetish, soluble substance, which differs from granulose and 
erythrodextrin in that it is not coloured by iodine. Its rotatory 
power is less, [a]^^ +182°, and it reduces Fehling^s solution 
about two-thirds as strongly as maltose. Maltodextrin is 
hydrolysed to maltose by diastase, and to glucose by dilute 
acids ; at least four varieties have been isolated. 

The natural gums are probably sugar condensation products allied to 
the dextrins. The principal constituent of gum arable is the calcium salt 
of arabic acid, (CgHioOs),, an acid which is isomeric with starch and the 
dextrins, and, yields galactose on hydrolysis. Other gums are hydrolysable 
to five-carbon sugars (§ i88) ; cherry gum yields arabinose, and beech 
gum, xylose. 

178 . The Celluloses, — ^The cell walls of plants are composed 
of a carbohydrate termed cellulose, which is isomeric with 
starch, and closely related to the sugars. Simple ceU aggre- 
gates, such as cotton and flax, consist almost entirely of this 
substance, whilst even in complex structures, such as wood, 
in which the chains of cells are cemented together by interstitial 
material, it forms the chief constituent. 

The isolation of cellulose from cotton and the like is simple. The 
Swedish filter paper made from linen rags is almost pure cellulose, and 
after 'dissolving out the small amount of iron and lime salts and silica, with 
hydrochloric and hydrofluoric acids, leaves practically no ash. 

Wood cellulose is more difficult to isolate, the interstitial matodal 
having to be dissolved out. In the manufacture of wood pulp, the dropped 
wood is digested with caustic soda solution, at a high temperature and under 
pressure ; in some processes, to avoid loss by oxidation, acid sulphites 
are used, such as those of lime or magnesia. By the end of the operation 
the wood is reduced to a soft grey pulp, which, after washing with water 
and bleaching with ordinary bleaching solution without addition of add, 
h fairly pure ^ellu1ow^ 
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CelMose, is a white substance which is in- 

soluble in aU ordinary solvents, but dissolve jEreely in an 
ammoniacal solution of copper oxide ^(Schweizer's reagent). 
When sim^ isolated from cotton or wood, it retains the 
tubular stnicture of the cell (the product from coniferous 
wood shows the characteristic pits) ; but when reprecipitated 
frona the copper solution with dilute acids, it forms a colourless 
jelly, which dries to a horny amorphous mass. 

'On immerdi^ cellulose in slightly diluted sulphuric acid it quickly 
swells up and becohies transparent, and is eventually disintegrated ; but 
if paper thus treated is quickly washed while the action -is yet super- 
ficial, and before disintegration has commenced, it is converted iuto a 
tough impenneable substance, known as vegeUtble parchmetU* By 
diluting the sulphuric acid solution of the cellulose immediately after 
disintegration, a gelatinous isomeric substance is obtained which forms 
a blue iodide, and hence is known as amyloid^ 

By, prolonged digestion with concentrated sulphuric acid 
cellulose is converted into svlphcUes^ which are hydrolysed to 
glucose on boiling with water; it is thus a derivative of 
glucose, so that alcohol and its numerous derivatives may be 
made from sawdust and rags (Eraconnot, i8ii). 

It will be seen later that the carbohydrates are complex 
alcoholic .substances, and form salts with acids in the 
same way as glycerol ; pentacetylcellulose, [CgH^IOAc)^]^, is 
thus formed from cellulose and acetic anhydride. The cellu- 
lose nitrates, which are made by digesting cellulose with a 
mixture of nitric and sulphuric acids, in the same , way as 
glycerol nitrate, are of great importance, both as explosives, 
and as plastic materials. 

Cellulose hexanitrate or gun-cotton^ . CiaH.A{O.NOj), 
(Schonbein, 1846), is made by immersing dry cotton wool, 
which has previously been washed with potassium carbonate 
solution and water, in a mixture of nitric acid with three times 
its volume of concentrated sulphuric acid. The product, which 
retains the form and apipearance of the cotton, is thoroughly 
washed with water — on the large scale, in a “‘pulp- washing 
ei^pne — and dried in air. 

Gun-cotton bums quickly but qij^etly in the open-air, but when deton- 
ated in a confined space explodes with great violence. It partially dis- 
solves in nitroglycerine to a gelatinot^ ma^, which, when mixed with 
castor-oil as a moderant, (x with vaseline as a lubricant, forms a valuable 
” explosive, tomed nuixmiU or cordite \ this is now used instead 
^ as it is smokeless. 
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Cellulose hexanitrate is insoluble in alcohol-ether, but by digesting the 
cellulose for many hours with a latge excess of the mixed acids, a soluble 
pentaniiraU is ftKined. Th^ solution of this, which is termed collodion, is 
used in photography and* surgery, as it leaves a thin waterproof film of 
the nitrate on any surface to which-it is applied. A mixture of camphor 
and collodion-cotton is the “ celluloid'* of which imitations of starched 
linen, ivory, and tortoiseshell are made ; it burns with almost explosive 
violence when ignited. 


179. Synopsis. — The starches and celluloses are insoluble or 
partially soluble carbohydrates, which are ultimately con- 
verted into glucose by hydrolytic agents. The gums are 
probably intermediate products. The nitrates of cellulose are 
used as explosives, and in photography. 

STARCH AND CELLULOSE. 


^Cl2®20^l0 

Starch 


Q2H,A(O.NOa)6, 

gun-cotton 


4^ 

■*'^12^20010 
starch- 
celiulosc . 


— granuLose or 
soluble starch 

[<il]D= -I- 200° 


dextrlns 


■I 


CjaTIj^Oii 

maltose 


glucose 


cellulose 


cellulose-sulphonic 
acids, etc. 



CHAPTER XXXII 


THE CONSTITUTIOX OF THE SUGARS 


180. Seduction of Glucose to Sorbitol and Hexane.— In its power 

of reducing metals, glucose resembles the aldehydes and 
hydroxy-acids ; it is not an acid, however, for although it 
forms compounds with metallic oxides, such as calcium oxide 
glucosCy CgHj 20 g,CaO, these compounds are additive. 

As it forms a crystalline oxime ^ and, under certain condi- 
tions, a hydraxone, it is an aldehyde or ketone ; and that it 
is also a pentatomic alcohol is proved by its conversion into 
crystalline pentacetyl-glucose when acetylated. Itsaldehydic 
character is further confirmed by its reduction by sodium 
amalgam to an alcohol, sorbitol, the molecule of which con- 
tains six hydroxyl groups. 

CgHgCOHls.CHO ^ CfiHgCOHls. 

Sorhitoly CQHg(OH)g, is a crystalline substance, nielting at 
io8°, which occurs naturally in the sap of the mountain ash ; 
the presence of the six hydroxyl groups shows that it is 
a hexahydroxy-hexane, and it is in fact convertible into 
»-hexane. 


When repeatedly di^illed with fuming hydriodic acid and red phos- 
phorus, sorbitol is converted into a secondary hexyl iodide, CgHi3l, boiling 
at 167° ; and this is converted into normal hexane by simple reduction 
with zinc and hydrochloric acid. The hydrocarbon is identical with that 
which may be isolated from light petroleum, or made synthetically by the 
action of sodium on normal propyl iodide, 

^ Sorbitol is therefore a normal hexahydroxyhexanet and as it is 
a stable compound, and can even be distilled unchanged under 
very low pressure, it follows ti^at the six hydroxyl groups are 
attached to six different carbon atoms. It is thus the six- 
carbon analogue of glycerol, and its conversion into secondary 
hexyl iodide is parallel to that of glycerol into isopropyl iodide 
CH*OH.eHOH.CHOH,CHOH.CHOH.CHiOH 

— > CH8.CHj.CHj.CHg.CHI,CH,» 
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181. Oxidation of Glucose : its Constitution.^Glucose is thus 
either the aldehyde, or one of the two possible ketonic deriva- 
tives of sorbitol. On oxidising it in the cold with bromine 
water, it is converted into an acid containing the same number 
of carbon atoms, from which it may again be formed by indirect 
reduction ; the first view must therefore be adopted. 

Gluconic acidy CH 20 H.[CHOH] 4 .COOH, is a syrupy Sub- 
stance, which, like sorbitol and unlike glucose, does not reduce 
metallic solutions. It cannot itself be crystallised, as on 
concentrating its solution it is dehydrated to glucmtic lacioncy 
which crystallises on further concentration {compare §151). 

On reducing gluconic lactone with sodium amalgam in slightly 
acid solution it is reconverted into glucose (Fischer, 1889). 
This is an action of great synthetic importance ; the acid it- 
self is not reduced in this manner, nor are acids like tartaric acid 
which do not form lactones. 

CHjOH CHOH.[CHOH]3.COOH^CH20H.CHOH.[CHOH]3.CHO 

auconicAdd 

Gluconic lactone. 

Gluconic acid is readily separated from other substances by means of 
its phenyl-hydrazide. Gluconic phenylhydrazide, CHaOH.iCHOHh.CO. 
NH.NHPh (Fischer, i88g}, is a cryst allin e substance melting at 200 ®, 
which is prepared by heating the acid or lactone with phenyl-hydrazine 
and dilute acetic acid on a water-bath. Wh^heated with strong baryta- 
water it is hydrolysed to phenylhydrazine, ^ich can be extracted with 
ether, and barium gluconate, from which the acid is set free by dilute 
sulphuric acid ; the hydrazides resemble the amides in character. 

On oxidising gluconic acid with dilute nitric acid, it is con- 
verted into saccharic acid, which may be made in the same 
way from cajae sugar and glucose. 

Either of ‘these sugars is warmed with excess of moderately concentrated 
nitric acid, not above 6q°, until fumes cease to be evolved ; the solution is 
slightly diluted, the accompanying oxalic acid is allowed to crystallise out, 
and the product is neutralised with potassium carbonate, and strongly 
acidified with acetic acid ; after some days, potassium hydrogen saccharate 
separates. , • 

Saccharic aetdy COOH.[CHOIJ]4.COOH, is a deliquescent, 
gummy substance, which like gluconic acid readily forms a 
lactone. It is a dibasic acid, and its constitution is' further 
proved by its reduction to adipic acid, COOH.[CH2]4.CXIOir 
(§ 152), when heated with hydriodic acid and red phosphorus. 
By further oxidation with nitric acid it is converted into 
and bxalis acids 
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These, actions clearly indicate that gluco^ is t£e , aldehyde 
of which the alcohol is sorhitol and the acid gluwnic add* . 
CH,OH:[CHOHh.CH5jOH ^ CH3,OH.[CHOHJ4.CHO 

SorSioI , I '' Glucose ■ ' 

^ > CH^OU.[CKm]i.Cf>Oll. 

Gluconic Add J 

This conclusion is borne out by the action of hydrocyanic ^cid 
on the sugar. When a mixture of glucose syrup with the caTculated 
amount of concend||iM hytlrocyanic acid is kept for some days, and 
finally gently warmeR^o odour of the acid disappears. On boiling the 
product with bar3rta ammonia is evolved, and on eUminating the 

barium -with dilute sulphi^ib acid, a crystalline substance can be isolated. 

Analysis indicates tl*t\his may be the lactone of a glucose^carboxylic 
acidf CeH^iOHlfi.COOH, analogous to gluconic acid ; and that this is so, 
and the acid normal, is proved by the reduction of its lactone to 
normal heptylie acidy CH3.iCH2l5.COOH, when boiled with hydriodic 
acid and red phosphorus. The cyanogen carbon is therefore linked to the 
end of the hexane chain, and as only aldehydes and ketones form cyanby* 
drins, and the end group of a chain cannot be ketonic, it follows that 
glucose is an aldehydic derivative of normal hexane (Kiliani, 1886). 


CHaOH.iCHOHJi.CHO'J-CHaOH.iCHOHk.CHOH.CN, 

CHaOH.[CHOH3tcOOH->>CH3.CHa.CH3.Cir2.CHa.CH2.COOH. 


Whilst, however, glucose behaves essentially as an aldehyde, the vari- 
ability of its rotatory power (§ 168) suggests that it is not a single sub-' 
stance. It is in fact resolvable into optical isomerides, the modification 
obtained when it is dissolved and evaporated at the ordinary temperature, 
being much more strongly^e^trogyrate than when the syrup is heated, 
and then crystallised from^bng. alcohol (Tanretj 'X895). 

a-Glucose has a specific rotatory power, [alp"— + 105°, whilst the 
isomeric /8-glucose has [alo = -h 22®. Both modifications change spon- 
• taneously in aqueous solution (especially when heated, or made alkaline) 
Into ordinary i-glucose, [ajo — + 53*’, which is therefore an equilibrium 
mixture of the two isomerides. 

The methyl-glucosides form similar modificationSi according, to the 
concentration of the acid employed in their synthesis (§ i7r). a-Meth^l- 
glucQside melts at 166°, [aln — 4 - 157 “; ^-meihylglucoside melts at 104“, 
[tflo — — 32®. These glucosides aie sweet substances resembling glucose, 
into which they are reconverted oy acid hydrolysis ; but tl^ are not' alde- 
hydes, as they neither reduce metallic solutions, nor interact with phenyl- 
hydrazine. Their isomerism is optical, and due to the asymmetry of the 
fifth or aldehydic carbon atom, caused by its inclusion in a quasi-Iactonic 
ring (§ 151; compare § 406). • 


CH.OH.CHOH. JnXH^.CHOH.i 

••MethjriKlHcoside 

j ”0 I jj 

aijOH.CHOH.CH.CHOH.CHOH.G<oM* . 

|8-M«thy1gIucosida 

The tfro glucosides ^ hydroly^d by mUtase and emidsm 
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to a- anrf jS^ucos^ which are therefore s&ilarly constituted' to them i 
the mtercOnvartibility of the sugars is prpbably due to the M^mate foc- 
matio?i and dehydration of cm aldehy^l (1^4) or other hyihrate. 


CHsOH.CHOH.cSh.CHOH.CHOH. 

Q'Glucose 




OH 


jr 


CHaOH.CHOH.ck.QKm.€^OH.ckoH 

^-Gl^cose 

l->CH,OHXHOH.CHOH.CHOH.CHOH.CH{OH).-<- 

Glucose aldet^drol 


182 . Constitution of Fruetose : Mannitol. — Like glucose, fruc- 
tose reduces alkaline metallic solutions, an^ forms compounds 
with Cietallic oxides. It also forms an o;iriw^ and a crystalline 
pentacetyl derivative, and that it is an aldehyde or ketone is 
confirmed by its reduction to an alcohol, mannitol, which is 
stereoisomeric with sorbitol. 


The hexahydroicy-hexanes contain four asymmetrical carbon atoms, and 
their isomerism is therefore very complicated ; eight optically active and 
two inactive compounds are possible, and most of them are known. Mannitol 
is the principal constituent of the common manna of the manna ash, from 
which it is readily obtained in a pure state by recry stall isation from hot dilute 
alcohol. 


Mannitol, CH20H.(CH0H)^.CH^0H (Proust, 1806), is a 
sweet substance, which forms large crystals, melting at 166°. 
It forms a hexacetate, and is converted by hydriodic acid, etc., 
into a hexyl iodide and hexane identical with those obtained 
from sorbitol ; but it is not itself identical with sorbitol, as its 
melting point and oxidation products are different. ' 

Although the actions of fructose closely resemble those of 
glucose, its behaviour on oxidation is very different; it is 
broken up even by mild oxidising agents, and oxalic and 
mesotartaric acids are the first isolable products. A ketone 
of the constitution, CHaOH.LCHOHJjj.CO.CHaOH, might 
be expected to break up in this manner, in the same way as 
methyl butjff ketone breaks up into acetic and butyric acids ; 
and that fructose is this ketone is proved by the cyanhydrin 
synthesis, in the same way gs with glucose. 

Fnt^se cyanhydrin (Kiliani, 1885), a crystaUine substance, mel ting at 
115®, is COTiv^ed by hydrolytic agents into a lactone, in the same way 
as glucose cyanhydrin ; this lactone is reduced by hydriodic acid and* 
phosphorus to a heptylic acid, whose boiling point and salts are identical 
with those of i^hyMutyUacetic acid, CHMeBmCOOH. made by the 
atetoacetic synthes^ Fructose or le^ose is thus a keteme derived 
from the htamtomm alcohd mkonitol 




183. Constitution of the Complex Carbohydrates. — Cane 
can be made artificially by digesting potassium fructose in 
alcoholic solution with acetyl-chlorhydrosef a compound which is 
formed by the action of acetyl chloride on glucose (March- 
lewski, 1S96) ; and, as will be seen in the next chapfer, both - 
glucose and fructose can be made synthetically. ■ 

CaH70Cl(0Ach+C6H^0(0H)4.0K+4Et0H= ’’ • 

C 6 H 70 (OH) 4 . 0 .CfiH 70 (OH) 4 +Ka+ 4 EtOAc. 

Cane Sugar forms an octacetyl derivative, and as it does not 
reduce metallic solutions, nor form an osazone, the remaining 
three oxygen atoms can only function in ethereal combination. 
The following formula, amongst others, epitomises these re- 
lations (Fischer; compare Methylglucosides, § 181). 


CH20H.CH0H.CH.[CH0HJg.CH.0.C{CH20H).^CH0H3^CH.CHi0H 

(Glucose residue) (Fructose residue) 


Milk sugar and malt sugar are also octohydroxy-compounds, 
but they reduce metals and form osazones. That they are 
aldehydic and not ketonic is proved by their oxidation by 
bromine water to monocarboxylic acids containing the same, 
number of carbon atoms. 


Lactohionic acid, the first oxidation product of lactose, 

is hydrolysed by acids to glucose and galactonic acid, an acid which is 
stereoisomeric with gluconic acid, and is formed by oxidising galactose with 
bromine water. 

Galactose is an aldose stereoismeric with glucose. It is reducible 
to an alcohol, dulc^l, which is stereoisomeric with mannitol and sorbitol, 
and the ^alacionic acid, which is formed from it by oxidation with bromine 
water is further oxidised by nitric acid to mucic acid, a stereoisomeride 
of saccharic acid. ' Mucic acid, like saccharic acid, is reduced to adipic acid 
when heated with hydriodic acid and phosphorus. 

The constitution of lactose, ds ^alactose-glucoside (§ 181), is 
probably represented ty the following formula. 

CH20H.CH0H.CH.[CH0H]2.CH.0.CIl2rCH0H]4.CH0 

(Glucose residue) | Q | (Galactose residue) 


.Maltose or glucose-glucoside is stereoisomeric mth lactose. 

* 1S4* Synopsis.*— The six-carbon sugars are "aldehydic or 
fuKtoaic derivatives of normal hexahydroxyhexane. 





'CHAPTER XXXIII 


SYNTHESIS OF THE SUGARS - 


185 . Glucosazone : Conversioa of Glucose into Fructose. — ^When 
glucose is heated on a water-bath for half an hour with phenyl 
hydrazine acetate, the whole of the sugar is precipitated in the 
form of glucosazone ; if the original solutions are clear, this 
only needs washing with water and drying, but otherwise it 
must be recrystallised from hot alcohol 
Fructose yields identically the same compound, and the 
osazone is best made in quantity from invert sugar, formed 
by heating cane-sugar solution, on a water-bath for an hour 
with a little dilute sulphuric acid ; the min eral acid must 
be lieutralised before adding the hydfazine. 

PhenyUglucosazonSy CH20H.[CH0H]3,C(:N.NHPh).CH:N. 
NHPh (Fischer, 1884), is a golden-yellow cr3rstalline Substance, 
melting at 204° ; its constitution follows from the manner of 
its formation and hydrolysis. 


When warmed with wncentrated hydrochloric acid for a minute, phenyl 
glucosazone is completely hydrolysed, and in the course of half an hour 
at the ordinary temperature a quantity of phenyl-hydrazine hydrochloride 
crystedlises out. On neutralising the ice-cold and diluted solution with 
le^ carbonate, a lead compound is obtained from which a sweet fer- 
mentable substance, glucosone, is set free by dilute sulphuric acid. ^ 
Gluicosone or oxyglucosct CH20H.[CHOH]3.CO.CHO (Fischer, r888), is 
an exceedingly soluble substance, which has not been crystallised t but 
that it is both a ketone and an aldehyde is proved by its immediate conver- 
sion intoglucosazone when mixed with phenyl-hydrazine acetate solution, 
and by its reduction to fructose by zinc dust and acetic acid. 

In this way the aldehyde sugar or aldose may be convert^ into 
the ketonic sugar or ketose. The reverse transformation may also 
be effected, but by a circuitous method, through mannonic and 
|dds {§ 186). 


The conversion of jocose and fructose into i^ucosazone is 
due tc^|i^ oxidation of one of the alcohol groups by a third 
1 phenyl-hydrazine, which is reduced to 


MS 
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and aniline ( § 249), All sugars which reduce metallic solutions 
form such osazones, but the non-reducing sugars do not do soJ 


CHbOH 

CHaOH 

CHbOH 

CHOH 

CHOH* 

CHOH 

CHOH 

CHOH 

CHOH 

< 5 hoh 

CHOH 

CHOH 

CHOH 

CHOH 

CO 

CHO 

CH:N.NHPh 

CHiN.NHPh 

Glucose 

Glucose 

phenylhydrazoQe 

HypotlieUcal 

Oxynydrazoue 


CHaOH 

CH3OH 

CHgOH 

CHOH 

CHOH 

CHOH 

CHOH 

CHOH 

CHOH 

CHOH ■¥ 

, CHOH ^ CHOH 

C:N.NHPh 

CO 

CO 

CH:N.NHphCHO ■ 

CHgOH 

Glucosuzone 

Glucosona 

Pnictosa 


^ 1 


186 , Mannose -and Mannonic Acid.— When mannitol is warmed 
with dilute nitric acid it is partly oxidised to fructose, but 
partly also to mannose, an aldose or aldehyde-sugar stereo- 
isolneric with glucose ; thi oxidation is more readily effected 
by means of hydrogen peroxide in presence of ferrous iron, and 
in this case mannose alone is formed (Fenton, 1898)1 Mannose 
can also be obtained in quantity by hydrolysing vegetable 
ivory with dilute sulphuric acid (Fischer, 1889). 


Mannose is readily separated from the ketonic sugar by adding phenyl- 
hydrazine acetate to the cold neutralised solution ; a dense yellow pre- 
cipitate of ftiannose phenyl-hydrazone separates, from which the sugar can be 
recovered by hydrolysis with dilute hydrochloric acid, in much the same 
way as gluconic acid from^ts hydrazide (§181). 

Miiknose^ CH20H.[CH0H]4.CH0 (Gorup-Besanez, 1861), is 
a sweet substance, melting at 1 36®, which resembles glucose in 
almost every respect, except that it is more strongly dextro- 
gyrate, On further oxidation with bromine, etc., it yields 
mannonic and mannosaockaric acids^ compounds which closely 
resemble and are stereoisomeric with gluconic and saccharic 
acids. Conversely, mannonic lactone is reduced by sodium 
amalgam to mannose and mannitol, in the same way as gluconic 
•lactone to glucose and sorbitol. 
CH20H,[CH0Hh.CHa0H-^->CH20H.[eH0Hh.CH0 

aOH,[CHOH]4.COOH. 


Mannose and mannonic acid are very intimately related to 
fructose, glucose and gluconic acid ; mannosazone is identical 
ivith glucQsazone and fructosazone ; mannose, fructose and 
g^uQose are partially interconvertible in alkaline solution 
(§ 169) ; and mannonic and gluconic acids are similarly inter- 
convertible. When mannonic acid is heated with excess 
quinoline (§ 385) tor an hour at 140^ it is partially con- 
^Wed ihto fillucoalc add, and vice yersA, 
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two acids are sep^ated by fractionally crystallising their: bruea^ 
salts; the product is made ^Imline with baryta, the liberated q^adliim 
distilled off with steam, and the barium exactly precipitated with, dilute 
sulphuric acid ; the hot concentrated solution of the mixed acids is thesa 
saturated with brucine (§ 402), and on allowing iteto crystallise, firitctne 
mannondle separates. The brucine is precipitated with baryta from the 
residual solution of brucine gluconate, and the metal eliminated as -before ^ 
the gluconic acid is then isolated from the product in the form pf, its 
hydrazide, and from this the lactone can be made in the manner described 
above {§ 181), 

As gluconic lactone is reducible to glucose, it follows that the 
latter can be made from mannonic acid, and thus from fructose. 
This is an important step in the synthesis of the sugars. 

187 . Synthesis ol Glucose and Fructose. — Formaldehyde , and 
metaformaldehyde polymerise to sugars when digested wi^h 
lime water, and the same action occurs under various conditions 
with glycoUic and glyceric aldehydes, both. of which, like 
formaldehyde, have a ** carbohydrate ” formula. Until . the 
osazones were discovered, it was not possible to isolate and 
examine these synthetic sugars, and beyond the fact that 
they reduce metallic solutions, and in general behave like 
glucose (Butlerow, 1861), little was known about them. 

The synthetic sugar first thoroughly examined was obtained 
from acrolein dibromide, and subsequently also from foritialde- 
hyde and glyceraldehyde. The product obtained by the hy- 
drolysis of acrolein dibromide yields with phenylhydrazine 
not the osazone of glycerose but that of its polymeride 
a-acrose. The same product is obtained by heating glycollic 
aldehyde, with which it is also polymeric. 

a-Acrose is inactive fructose, and condenses with phenyl- 
hydrazine to 

CHgBr CH2OH CH2OH CHgOH . 

CHBr CHOH CHOH GHO 

GHO CHO CHOH CHgOH ' 

CHp - CH( 0 H) 3 . CHOH CHO, . 

CHOH CO . CH{OH)j 

CHgOH CH2OH CH2OH 

dibromide Glycerose and a-Acrose . GlycoHie atdeJbyde 

f ‘ hydrate Inactive fructose and hydrate 

a^Acrosmpne is extremely like glucosazone, but like all sjnthetip 
ducts is optically inactive. It melts at 205*, and is converted by hydrp- 
qhktfc.acid into a’acrosone, a syrupy liquid resembling glucosohe. 

with zinc dust and acetic acid, is reconverted into 
/ (Fischer, 1887) is therefare a keKmic sugar ; the prodo^ thus 
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in fact very like fructose, but optically inactive. By further 
ieducti<m with sodium amalgam it is converted into a^ocrUoU an inactive 
isoraeride of mannitol and sorbitol. That it is a " racemic compound, is 
proved by fermenting it with yeast ; the ordinary fructose, to which the 
yeast is accustomed (§174), is destroyed, and the solution becomes dextro- 
gyrate from the liberation of the oppositely active isomeride. a-Acrose 
is thus inactm fructose, and a>acritol, inactive mamitoU 
CH3:CHXH0->-CHa0H.[CH0H]3.C0.CH30H 

I >CH30H.[CHOH]4.CH,OH. 

As this alcohol is inactive mannitol, it should be oxidisable to a “ racemic** 
mannonic acid. The oxidation is in fact effected in the same way as with 
mannitol, by the successive action of dilute nitric acid and bromine water. 
By concentrating the solution of the strychnine salt of inactive mannonic 
acid, strychnine lavomannonate separates, whilst by converting the mother 
liquor into the morphine salt, ajid again concentrating, morphine dextro- 
'mannonate is obtained. 

The dextromannonate yields d-mannonic acid, Vfhich is identical with 
the mannonic acid from mannose, whilst the Isvomannonate yields the 
antipodal l-mannonic acid, the rotatory powers of the two acids being 
equd and opposite. 

Conversely, the active acids can be reconverted into the inactive acids, 
in the same way as with the lactic and tartaric acids. Laevomanaonic acid 
can be obtained in quantity from a five-carbon sugar, arabinose {§ 188), 
by the cyanhydrin synthesis ; on mixing a solution of its lactone with 
that of an equal weight of ordinary mannolactone, an inactive acid and 
lactone are obtained, which are identical with* those formed by oxidation 
of a-acritol, and are reducible by sodium amalgam to an inactive mannose 
and inactive mannitol. The latter is identical with o-acritol. 

Th^e is no doubt, therefore, that the synthetic mannonic acid is the 
racemic compound corresponding with the ordinary acid, and can be 
resolved into the latter. 

CHjOH.iCHOHla.CO.CHaOH -s- CHaOH.lCHOHk.CHaOH 
■ ; ^ 

CHgOH.lCHOHhCHO CH3OH.lCHOHh.COOH. 

As mannonic acid is convertible into gluconic acid, glucose and fruc- 
tose (I 186), the synthetic chain between glycerol and these natural 
sugars is complete.* The validity of the synthesis rests on the identity 
of the two acids and alcohols, for owing to secondary actions, the yield 
of a-aCTose is so small (the acrolein from a kilogram of glycerol yields 
only 18 grams of o-acrosazone), that it would be impracticable actually to 
convert glycerol into glucose. As previously explained in connexion with 
the cyanide synthesis, this is immaterial. 

18S* SyDtJiefiis of the Aldoses. — All the lower parai^ are 
connected with polyalcohols, aldoses, etc., in the same way as 
hexane with glucose and mannitol ; prototype of the 
glucose-saccharic series is the glycol-oxalic series^ ^ 
Glycollie aldehyde behaves in every respect as a true sugar ; 
it Is a carbohyiate, is sweet like sugar, reduces metallic 
• See Qiart at end of chapter, 

E 
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solution^ and forms an osazone ; it is itself reducible" to. a^ 
alcohol, glycol, and osddisable to moiiio> and di-carbc^llc 
acids, glycolUc and oxalic acids ; theparallel to glucose is exact 
CHaOH CHaOH CHaOH COOH 

CH3.OH CHO COOH GOOH. 

Qycol Glycollic aldehyde aad add Oxalic add ~ , 

Glyceric aldehyde or glycerose has the same properties, 
and undergoes the same transformations ; it forms an oxipte 
and a yellow crystalline osazoney analogous to glucosazone ; 
it te reducible to glycerol, in the same way as glucose to 
sorbitol, and is oxidisable to glyceric and taxtronic acids, in 
the same way as glucose to gluconic and saccharic acids. 
CH2OH CH2OH CH2OH COOH 
CHOH ->CHOH -^CHOH ->-CHOH 
CH3OH CHO COOH COOH. 

Glycerol Glycerose Glyceric acid Tartroaic add 

In the four-carbon series, the compounds are physically like 
the hexane sugars. Erytkritojy CHjOH.CHOH.CHOH.CHaOH 
(Stenhouse, 184S), is a crystalline substance resembling man- 
nitol, and melting at 126° ; it is found in combination in cer- 
tain lichens. It is oxidised by hydrogen peroxide in presence 
of ferrous iron to erythrose, CH2OH.CHOH.CHOH.CHO, a 
- four-carbon syrupy sugar, which is convertible by bromine 
water and nitric acid into erythiHc acid and racemic ac^. 
GHjOH CH2OH CH2OH COOH 

CHOH ->CHOH ->-CHOH >CHOH 
CHOH CHOH CHOH CHOH 

CH2OH CHO COOH COOH. 

Eiythritol' Eiytbrose Erythritlc acid Racemic acid 

Several stereoisomeric five-carbon series are known. Lavo- 
arObiftfise, CHaOH.[CHOH]3 ,CHO, a sugar obtained by hydro- 
lysis of arabic and other gums, is a sweet OTstallme Sub- 
stoce, melting at 160° ; that it is an aldehyde is proved by its 
cottverrion into a mixture of laevomaunonic and laevogluconic 
adds%y the cyanhydrin synthesis. It is reduced by sodium 
amalgam to lavoarabitol, a. sweet crystalline substance fesem- 
hting mannitol, and is oxidised by bromine water and nitric 
^acid to i^oardbonic add and trihydroxyglutaric oM. . - 

sterecnsomehc p^taldoses and pentcmic acids are p<^‘kle. 
ullii^jjlldose dl>taiaed l>y hydn^ysis of beech guo^ or 

It is oonv^ito^ 17 the ayai]!^ * 
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niiiture of l^^gulonic and li^o-idonic acids, which are .stereoisomeric 
with gluconic and mannonic acids, and the first of which is reducible to 
sittbitol All the pentaldoses condense to furfuraldehyde (§407) when 
distilled with- dilute hydrochloric acid. 

Heptane, octane, and nonane aldoses, alcohols and acids have also been 
made by successive steps from the hexoses by means of the cyanhydrin 
synthesis* in. the same way as the hexcees from the pentoses (Fischer). 
Mamohe-ptitoh CHaOH-tCHOHls-CHaOH, is identical with the perseltol 
of the Persian laurel; it is reduced to tetrahydrotoluene.(§ ago) when 
heated with hydriodic add. 

180, D«gr»dsition ol the Aldoses. — The process of building up the higher 
sugars from the lower sugars is reversible, aud the higher sugars may be 
degraded step by step until formaldehyde is reached. The degrada« 
tion is effected either by means of the oximes of the sugars, or by the 
action of hydrogen peroxide on the acids in presence of ferric iron. 

• Glucosoximc, C5He(OH)5.CH:N.OH, a crystalline substance melting at 
137“, is made by adding finely-powdered glucose to a boiling alcoholic 
solution of hydroxylamine (hydroxylamine hydrochloride aud soda) ; 
when it is heated with acetic anhydride and sodium acetate, there is a 
violent action, and on mixing the product with water crystals ofiipmt- 
acetylgluconic nitrite separate, the aldoxime losing a molecule of water and 
at the same time undergoing acetylation. 

This nitrile is identical with the pentacetyl compound of d-arabinose- 
cyanhydrin, and like all cyanhydrins loses hydrogen cyanide when warmed 
with ammoniacal silver nitrate, leaving the ddehyde, tetracetyUd-ardbi^se. 
The acetyl groups may now be removed by hydrolysis, leaving d-arabindse 
itself, as may be proved by converting it into its osazone. The h^xose, 
glucose, is thus degraded to the pentose, arabinose (Wohl, 1893). 

C5lL(0H)s.CH:N.0H ^ CsH,;(OAc)j.CM ^ C*Hs(OAc)4.CHO ^ C^,H^{Onu.CaO, 
Clucosoxime Peatacetyl-glu conic Tetracetyl.^ra binose <f-Aiabinose 

nilnie 

In the same way arabinose can be degraded to tetrose, tetrose to gly- 
cerose, glycerose to glycollic aldehyde, and finally, glycoUic aldehyde to 
formaldehyde. 

C4H5(OH)*.CHO->.CaH*(OH)3.CHO C,H,(OH)2,CHO -i- CH,OH.CHO. H.CHO 

The degradation of the acids is dependent on the fact that their calcium 
salts are^oxidised to the next lower aldoses hydrogen peroxide in 
presence of ferric iron, whilst the aldoses are unaffected by this agent. 
When calcium gluconate is digested with hydrogen peroxide and basic 
ferric acetate, d-arabinose aud calcium carbonate are formed ; the iron 
and excess of hydrogen peroxide are removed by adding manganese 
dioxide, and the sugar ia isolated by means of its oxime, from which the 
osazone may be obtained by heating with phenylhydrazine. Gluconic acid 
can thus be degraded to the same arabinose from which it is made syn- 
thetically (Rnff, i8g8). - 

aC Jl5(0H)».CH0H.C00H+ 0= aC^H.lOH) ,.CHO -l-COa + H^O 
190. Synopsls.—Gliicose, fructose and various, isomeric 
sugars can be made synthetically by polymerisation of lower 
aldehydes, and can be reconverted into them by degradation. 
■ Owing to tho presence of four asymmetrical carbon atoms 
thbfr isbih^sin is very eompl^i 
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SECTION X 

ALIPHATIC DERIVATIVES OF NITROGEN, ETC. 

CHAPTER XXXIV 

CARBAMIDE 

191. Urea or Carbamide. — The chief classes of oxygenated 
aliphatic compounds have now been dealt with, and the only 
group remaining to be considered, before passing on to deriva- 
tives of other hydrocarbons, is one comprising a number of com- 
pounds in which nitrogen, or in some cases other elements, 
plays the predominant part. Some of these compounds, such 
as the simple amides and amines, and the nitriles, have already 
been discussed incidentally, but there are others more com- 
plex, which need further consideration. 

The first of these are the complex amides of carbonic acid, 
which are substances of great physiological importance. The 
waste nitrogen of mammals is excreted in the urine, partly in 
the form of uric acid and allied compounds, but mainly in that 
of a basic substance, urea or carbamide. This base is readily 
separated from fresh urine. 

The liquid is evaporated on a water-bath, and on adding an equal bulk 
of concentrated nitric acid to the cooled, thin syrup, it immediately 
becomes semi-solid from the separation of ufea nitrate, a crystalline sub- 
stance which is insoluble in nitric acid. The nitrate is purified by dis- 
solving in warm water to which animal charcoal is added, to remove the 
pigment, -and is then reprecipitated with nitric acid. The base is now set 
free by adding barium carbonate to the aqueous solution as long as effer- 
vescence occurs ; the urea carbonate, which might be expected, is too 
unstable to exist, and consequently on evaporating the product to dryness 
on a water-bath, a mixture of urea with barium nitrate and excess of car- 
bonate is obtained. The urea is extracted from this with hot absolute 
alcohol, in which barium nitrate is insoluble, and readily crystallises on 
Stilling off the solvent. It is more economically prepared synthetically 
from potassium cyanide ( § 193). 

aC 0 (NH,)„HN 0 s+BaC 03 » 8CO(NH,)i,-|-Ba(NO,),-|-CO.-l-H,a 
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Vrea or carbamide, CO(NH2)2t (Rouelle, 1773), forms long 
transparent prisms,' resembling nitre in taste ; it melts at 132®, 
and is freely soluble in water and alcohol. It is but a feeble, 
monacid base, and forms stable salts only with the stronger 
acids ; urea nitrate is soluble in water, but insoluble in nitric 
acid, and hence serves for the isolation of the base ; urea 
oxalate is a similar, but sparingly soluble salt. In aqueous 
solution these salts are hydrolytically dissociated into urea 
and free acid, so that their solutions are always strongly acid. 

Urea also forms compounds with salts ; sodiam chloride C 0 N 2 l^, 
NaCl,H20, is a crystalline substance ; mercuric nitrate urea, CON2H4,HgO, 
Hg(N03 )2, is an insoluble, basic substance, which is precipitated on adding 
mercuric nitrate to a solution of the base, and is sometimes used for its 
detection and estimation. 

Urea thus resembles the amides in its chemical behaviour, 
and that it is the amide of carbonic acid is proved by boiling it 
with very concentrated caustic soda, when it is hydrolysed to 
ammonia and sodium carbonate. A similar decomposition is 
effected naturally in the early stages of the putrefaction of 
urine, the urea being hydrated to ammonium carbonate by 
a microbe, micrococcus ureae. 

. CO(NH2)2 + 2NaOH= CO{ONa)2+2NH3. 

The derivation of urea from ammonia is shown, moreover, 
by the action of nitrous acid, which converts it into carbon 
dioxide and nitrogen in the normal manner. The same de- 
composition is effected by sodium hypobromite, and the amount 
of urea in urine may be approximately estimated by measur- 
ing the nitrogen thus liberated from a known volume of the 
liquid ; the hypobromite is made at the time by adding 
bromine to cooled caustic soda solution. • 

C0(NH2)2 -!-3Na0Br+2Na0H=Na2C03 +N2 + 3NaBr -hsHaO. 

192. Synthesis of Urea. — ^The constitution of urea, as deter- 
mined by these analytical methods, is confirmed by various 
syntheses from carbonic acid derivatives. 

It is forined by heating ammonia with ethyl carbonate, the acti^ being 
the salne as that involved in the preparation of oxamide from ethyl oxalate. 

C -i* CO, NaaCOa ->CO(OAg), ^ C 0 { 0 Et) 3 -^CO(NHj)a. 

It is also obtained by the direct action of ammonia on carbonyl chloride or 
phosgene, an easily condensible gas, which is formed by oxidising ehloro- 
ft?nn with chromic acid, or by direct union of carbon monoxide with 
chic»dae in sunlight ; it is most conveniently prepared by heating carbon 
ietrachloiride with pyrosulphuric acid. The fcmnatioiic^ carbamide from 
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carboayl diloride is parallel to the fonnation of acetamide from acetyl 
chloride, with the exception that an intermediate compound, cMoro>/orm* 
amide, CI.CONH3, is produced; this may be obtained as a very volatile 
crystalline solid by passing carbonyl chloride over heated ammnninni 
chloride. ^ 

C CO -> coa, aCONHa C0(NHa)3. 

Urea is also obtained by the action of ammonia on ethyl chlorocarbonaU 
^ chloroformate, Cl.COOEt, a liquid which is formed, together with ethyl 
carbonate, by heating an alcoholic solution of phosgene gas; a very 
s'jluble crystalline substance, ethyl carbamate or urethane, NHa-COOEt, 
analogous to ethyl oxamate, is produced in the first instance. 

COCla -► a.COOEt ->■ NHa.COOKt *> CD(NHa)3. 

The corresponding ammonium carbamate or “ sesqnicarbonate,” which is 
formed by the direct union of carbon dioxide and ammonia, is also con- 
vertible into urea, as it loses water when heated, in the same way as 
ammonium acetate ; a similar synthesis of .carbamide from ammoninm 
.carbonate is believed to be effected in the liver. 


C COa NHa.COONH^ CO{NHah. 

These syntheses render it clear that urea is the diamide of 
carbonic acid. They are not adapted for the preparation of 
the substance, however, and it is best made in quantity from 
ammonium cyanate, with which it is isomeric. 

Solid ammonium cyanate (§ 207), is at once transformed 
into urea when warmed ; in aqueous solution the action is 
reversible, equilibrium resulting when about 95 per cent, of* 
the cyanate ions have been converted into urea, or five per 
cent, of the urea into cyanate ions (Walker, 1895).* 

The ammonium cyanate is conveniently made from potas- 
sium cyanate, wMch is prepared from the cyanide, either by 
fusing it with red lead or some similar oxidising agent, or by 
oxidising it in cold aqueous solution with alkaline perman- 
ganate, In the lead process, the cyanide is fused with excess 
of litharge or red lead, and on evaporating the solution of the' 
potassium cyanate with the equivalent amount of amm onium 
sulphate, a residue of potassium .sulphate and urea is left. 

Much of the potassium, sulphate crystallisee out as the ^lution is con- 
centrated, and- the urea is separated from the remainder by extracting 
the dry product with hot strong alcohol, in which the sulphate is insoluble; 
traces of red and blue colouring matters are usually also formed. 

C KNC -> KOCN NH4.OCN NH4 + OCN ^ COlNHgla. 

The cyanide synthesis of urea is of peculiar interest, as it 
was the first synthesis of an Organic compound effected (Woh- 

• Hen(» unless special precautions are taken, the results obtained in 
the hypotuxjmite estiii|ation of urea are too low. 
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ler, 1828). Previously to this, and even long afterwards, it was 
maintained that the action of living organisms was essential 
to the formation of Organic compounds. This view has long 
been abandoned, but it is still held by many that “ organfeed 
or “ living ” matter is fundamentally different from that which 
is made in the laboratory. 

193 . Condensation Products of Urea. — When urea is heated 
it loses ammonia, and passes through a characteristic cycle 
of changes. The first product, biuret or allophanamidey 
NH2.C0,NH.C0.NH2 (Liebig and Wohler, 1834), a crystalline 
substance melting at 190°, is also formed by heating ammonia 
with ethyl allophanatey NHa.CO.NH.COOEt, a substance which 
is formed synthetically by the action of carbamide on ethyl 
chlorocarbonate. Biuret is distinguished by the formation^ 
of a violet colour when dilute copper sulphate is added to its 
solution in caustic soda. 

2NH2.CO.NH2-NH3 ^ 

NH2.CO.NHa-hCl.COOEt->NH2.CO.NH.COOEt'^^^2-CO.NH,CO.NH2 

'By further heating carbamide or biuret, more ammonia is 
lost, and cyanuric acid^ C3H3N3O3J a white crystalline sub- 
stance is formed ; it is more readily prepared by dissolving urea 
in dilute hydrochloric.acid, and heating the evaporated residue 
as long as heavy fumes of ammonium chloride are given off, 
Cyanuric acid is converted into a characteristic insoluble, 
crystalline barium salt, when barium chloride is added to its 
solution in dilute ammonia, and thus serves for the detection 
of urea. 

When cyanuric acid is heated to dull redness, it is converted 
into cyanic acid, HCNO(§2o8), by the addition of aqueous 
ammoma to which the original urea is again obtained. 

CO(NHj)j->CO<™;“>Nh-^HCNO-^NHj.CNO->CO(NH,),. 

194 . Synopsis. — Urea or carbamide, the principal constituent 
of mammalian urine, is the diamide of carbonic acid. 
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CHAPTER XXXV 


THE PURINE GROUP 

196 . Uric Acid. — Whilst urea is the principal constituent of 
mammalian urine, the urine of birds and reptiles contains a 
large proportion of uric acid. Snakes’ excrement consists 
of fairly pure ammonium urate, and affords a conveniont 
source of the acid. ^ 

The excrement is boiled with dilute caustic soda until ammonia ceases 
to be evolved, and the uric acid is precipitated from the clear hot sodium 
urate solution by pouring it into excess of cold dilute hydrochloric acid. 
The product is dissolved in warm concentrated sulphuric acid, and reiM:e’ 
cipitated by water, and the uric acid thus purified is washed with water 
end dried. 

The acid can be precipitated from human urine by acidifying 
it with hydrochloric acid, or better, by saturating it with am- 
monium chloride, when ammonium hydrogen urate is thrown 
down quantitatively (Hopkins, 1892). The latter is then 
treated in the same way as the snakes’ excrement. 

Unc acid or inoxypunne, • - (Scheele, 

1776), is a white microcrystalline powder, which is very spar- 
ingly soluble in water ; although the solution is slightly acid 
to litmus, the acidity is so feeble * that uric acid is en- 
tirely precipitated from its solution by dilute mineral acids. 
The molecular weight of uric acid is determined by the cryo- 
scopfc method, from its solution in raonohydratcd sulphuric 
acid (^is can be frozen in ice and salt). 

Uric acid is a feeble dibasic acid, and forms salts such as 
potassium amie, QHaKN^Oa, and dipoiassium urate, QH^Kj 
^403, bjit latter is decomposed even by carbon dioxide. 
By hea^g lead urate with methyl iodide, it is converted into 
dimei^i^ric acid, C^HaMcjN^Og, a crystalline substance which 


♦ K = 0*0000015 
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resembles uric acid and is also a dibasic acid ; further, tetra-^ 
meihylunc acid, CgMe^N^Og, is formed directly by shaking a' 
cold alkalipe solution of sodium urate (uric acid in concen- 
trated caustic soda) with methyl iodide. It thus follows that 
all four hydrogen atoms of the uric acid molecule are acid. 

C5H4N4O3 CgHgPbN^Oa C5K2Me2N403. 

196. The Ureides. — ^Uric acid is readily convertible into acidyl 
derivatives of urea, which are analogous to the amides, and 
are hence termed the u r e i d e s. When the pure acid is added 
in small portions to moderately concentrated nitric acid, it 
dissolves with gentle eflervescencc, owing to the evolution of 
carbon dioxide and nitrogen. If the action is moderated, by 
cooling if necessary, and no nitrous fumes are evolved, crystals 
of a new substance, alloxan, begin to appear after a certain 
amount of the acid has been dissolved. 

The solution may now be warmed, but not above 50®, and more acid 
dissolved, and on finally cooling, the alloxan separates in quantity. It is 
drained on an asbestos filter, and after washing with a little ice-water, is 
rdcrystallized from the minimum amount of warm water. Several further 
crops can be obtained by dissolving more acid in the mother liquor. 

Alloxan or mesoxalyl urea, ^(OH)^ +3H2O (Brug- 

nateili, i8i7),is a crj’stalline, efflorescent, semi-acid substance, 
which stains the skin red, and gives it a heavy, sickly odour. 
When boiled with caustic baryta, it is hydrolysed, first to 
alloxanic acid, and finally to mesoxalic acid, carbon dioxide 
and ammonia, v/hence its constitution. On account of the 
instability of mesoxalic acid, alloxan cannot be made by 
direct synthesis (see Allantoin, below.) 

Cq/NH.COv V pQ CO2HV pQ_^ COo , COOHv pQ 
\ \NH— CO / ^ NH3 + COOH'^ 

Albjtaa Alloxanic add Mesoxalic acid 

As a ketone, alloxan forms a crystalline bisulphite compound, and its 
relation to mesoxalic acid is further shown by the tenacity with which 
it retains the fourth molecule of water. Three mtdecules separate at 100“ 
in the ordinary manner, but the fourth is lost only at 150“ j the carboxyl 
groups have the same influence as the chlorine in chloral hydrate. 

Alloxan forms an unstable, deep-blue compound with ferrous salts,, 
and is reduced by sulphuretted hydrogen, etc., to alloxantin, [CO: 
(NH.CO)2:CtOH)j^, a colourless, sparingly soluble substance, which 
is converted by ammonia into murexide, a purple dye j this was much 
used before the introduction of the synthetic coal-tar dyes. Some 
aQpxantin is always iaxmed in the preparation of alloxan, or it may be 
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detained directly from uric acid by using a milder oxidising ag^t, as 
potassium chlorate and hydrochloric acid. If a little uric acid or urate be 
evaporated to dryness in a porcelain dish with a few drops of nitric acid, 
an orange-red residue is obtained, from which the purple murexide is at 
Once produced by moistening with cold ammonia ; this is a delicate 
for compounds of the uric acid group. > 

When alloxan is headed with excess of concentrated nitric 
acid at 70®, carbon dioxide is evolved, and on concentrating 
and cooling the product, a second oxidation product ctystal- 
lisesout; it may be recrystallised from water. > ; 

Parabanic acid or oxaJyl urea C0:(NH)2:C202 (Liebig ahd 
Wohler, 1838), is a soluble crystalline substance, which is 
strongly acid to litmus. It is a dibasic acid, the hydrogen of the 
imido-groups being acid as in succinimide, owing to the juxta- 
position of the carbonyl group ; the silver salt, C0:(NAg)jj:C303, 
is obtained as a crystalline precipitate on adding silver nitrate 
to a solution of the acid. 

That parabanic acid is the ureide of oxalic acid is shown 
analytically by its hydrolysis to ammonia and sodium oxalate 
and carbonate when heated with caustic soda, and syntheti- 
cally, by its formation when urea oxalate is warmed with phos- 
phorus oxychloride. 


NHg NH.CO +NH3 COOH 

NHa^COOHXOOH"^ +NH3 COOH. 

Urea oxalate Parabanic acid Oxalic add 

Parabanic acid is quite stable towards acids, but it is partially hydro- 
lysed by bases. Thus on neutralising a warm solution of the acid with 
ammonia, ammonium oxalurate, NH2.CO.NH.CO.COONH1, crystallises 
out on cooling. Acids such as alloxanic acid and oxaluric acid are termed 
ureide acids; they are strong acids. 

On adding lead peroxide to boiling water in which uric acid is sus- 
pended, the ureide is converted into urea, and a third oxidation product, 
allantdin, which crystallises out after removing the accompanying lead 
oxalate and carbonate ; the urea separates on further concentrating the 
mother -liquor. 


Allanioin or glyoxylic diufeide, ^CO, is a neutral 

NH*CO NH2 

crystalline substance, whiob is readily soluble in alcohol and hot water ; 
it occurs naturally in the allantoic fluid of the cow, and may be made 
synthetically by heating glyoxylic or mesoxalic acid with urea at 100''. 

Meihyluracil or acHoacetic ureide is similarly made by condensing urea 
with ethyl acetoacetate {§ 144) ; it is convertible by a complex process oi 
oxidation into isodialuric aeid, which in turn condenses with iirea in 
presence of hot sulphuric acid, forming uric acid (§197)- - 


' Ethyl KcetMcelatit UtM M«thylundt tfOdklnrlc idd 
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lfi7« Constitution and Synthesis of Uric Acid : Purine. — ^As uric 
acid is cdnvertible into alloxan and urea, its molecule presum- 
ably contains the nuclei of both these substances ; and as all 
four hydrogen atoms are replaceable by metal, the probability 
is that these are linked to the nitrogen atoms as in alloxan. 
That this is actually so, is proved by the elimination of the whole 
of the nitrogen as methylamine, when tetramethyluric acid 
is hydrolysed with concentrated hydrochloric acid at 70° j no 
ammonia is formed (Fischer, 1884). 

From these and other considerations it follows that uric acid 
is the diurelde of trihydroxyacrylic acid (Medicus, 1875). 


NH— C— NH 

/ II >co 

CO( C~NH 

\ I 

NH— CO 

Uric acid 


OH-C-OH 

II 

C-OH 

I 

OH-^CO 

TrihydroxyacryUc add 


This formula is borne out by the synthetic relations of the 
acid, Trihydroxyacrylic acid is as yet unknown, but small 
quantities of uric acid are formed by heating urea with the 
chemically equivalent tricHhrolaciamidef a substance which is 
made from chloral cyanhydrin (Horbaczcwski ,1887), 


CO 


Urea 


NHa CCly NHa 

' I + >co 

+ CIIOH NH3 

NHj CONH3 

TrichloroJactamide Urem 


J 

=co<^ 


NH— C-NH 

h >CO 
C— NH 

I . ' +NH4CI 

NH— CO +3HCIFH2O 

Diureide (Uric acid} 


Motc complicated syntheses affording better yields have been effected 
by means of isodialuric acid (Behrend, 1888 ; § 196), and malonic acdd 
(Fischer, 1895 ; see Caffeine, §199). The first synthesis of the acid was 
effectedby heating urea with glycine (§ 217), and was suggested by the 
reduction of the acid to glycine, carbon dioxide and ammonia , when 
heated with bydriodic acid {Horbaczcwski, 1883). 


When uric acid is heated with phosphorus oxychloride at 

ecu N .C.N 

160®, it is converted into tfichloropurine, ^ cCl C 

a crystalline acid substance melting at 189° ; this compound 
hy successive reduction with hydriodic acid and zinc dust is 
converted into purine, the mother-substance of the uric acid 
group. 

„ . CHdJ.CN 

NsCH.'C.NH (Fischer, *897), is a well-defined, crystalline 
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substanice meltlfig at 2x7° ; it has both acid and basic properties^ and fonns 
a gincsalt, as wdl as bl nitrate aa.da,picrate. 


Uric acid is the stable form of trihydroxypurine, 
C{Off):NX.N _ 

N:C(OH).C.NH^ * 

and is hence termed tnoxypmim. The relation between uric 
add and trihydroxypurine is analogous to that between the 
ketonic and enolic forms of ethyl acetoacetate ( § 144). 

198 . Theobromine and Caffeine. — The active principles <5^,, tea!, 
coffee and cocoa are two basic substances, which are closely 
related to uric acid. Theobromine, the active alkaloid of cocoa, 
is readily extracted from powdered cocoa beans by boiling 
them with water ; the tannin, etc,, is precipitated from the 
infusion with lead acetate, and after removing the- lead with 
hydrogen sulphide, the theobromine is extracted with alcohol 
from the evaporated residue. 

Theobromine or dimeihvl-dioxypurine, ^ ru 

'NH,eO .CNMe^ 


(Woskresensky, 1842), is a bitter, crystalline powder, which 
can be subhmed unchanged. Theobromine forms salts with 
acids, as well as with metals; its molecular formula as a mon- 
acid base follows from the analysis of its . platinichloride. Its 
relation to uric acid is indicated by its oxid^ion by nascent 
chlorine to methyl-alloxan and methyl-urea (Fischer, 1882), 
and confirmed bydts synthetic relations to xanthine, caffeine, 
and uric acid. 


X. . CO.NH.C.N ^ 

Xanthine or dtoxypunne, jj ^ ^ ? CH(Marcet,i8 19), 

is a white amorphous substance, which occurs in the animal 
organism and in tea. 


It is best prepared by the action of nitrous acid on the ctMrespcBiding 

iniido-compound, guanine or imido-oxypurine, ^^’9 ^F.C.N 

NH.GO .C.NH 

a base which occurs in guano. Both guanine and xanthine are oxidised 
by nascent chlorine in the same way as theobromine, and therefore also 
contain the uric acid nucleus j guanine yields guanidine ( S 227), together 
with parabanic , acid and carbon dioxide— the oxidation products of 
alloxan ; xanthine yields urea and alloxan itself. 

Xantinne is a semi-acid substance, like uric acid, and when 
its leadjaJt is heated with methyl iodide is converted' into 
(I^ischer, 1882), which is fenth 

Similarly, when ^ver theobroiiiiae' i^ 
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with methyl iodide, it is converted into ihethyl-theobromine 
or trimethylxanthine, a base ■which is identical with caffeine 
or th^e, to alkaloid often and coffee (Strecker, i86i). 

CafieMe is belt extracted from tea, but is physiologically and 
chemically identical with the product prepared in a similac 
manner ^m coffee. 


The tea is thoroughly boiled with water, and the tannin and albuminous 
jnatt^ are| precipitated by treating jthe hot solution with basic lead 
acetate, the excess of which is then removed by adding the exact amount of 
dilute sulphuric acid. The solution is concentrated and the caff^ne 
extracted by shaking it with chloroform. ~ 

^ ^ , . , , . CO.NMe,C.N 

Caffeine, theme or tnmethyl-dioxypunne,^^^ ^CH 


(Runge, is a silky, crystalline substance, which melts at 
Its'^nstitution as a member of to uric acid group is 
established^ independently of its formation from xanthine and 
theobromifife, by its oxidation by nascent chlorine to dimethyl- 
alloxan and methyl-urea, and by synthesis. 

The pre^nce'of toee methyl groups linked to nitrogen is 
also independently proved by its quantitative hydrolysis by 
concentred hydrochloric acid at 250°, to carbonic and formic 
acids, ammonia, methylamine and sarcosine (§ 218). 

199 . Synthesis'd Theobromine and Cafleine,— Caffeine is readily 
formed from uric acid. On heating the crystalline tetra- 
methyl derivative of the latter (§ 195) with phosphorus oxy- 
chloride, it is converted into chlorocaffelne, which is reduced 
to caffeine itself by hydriodic acid. 

CO.NMe.C.N]Vte CO.NMe.C.N CO.NMe.C.N- 

NMe.CO.C.NMe^^ ‘^NMe.CO.C.NMe^^^'^NMe.COxi.NMe^^ 

TctrameUiyluric acid Chlorotrimethyl- TrimethyldicaypuriM 

dioxypurine 

Caffeine and theobromine may also be synthesised through 
xanthine, which is formed synthetically when di-iodopurine, 
the crystalline intermediate product in the reduction of tri- 
chloropnrine to purine { § 197), is hydrolysed with hydrochloric 
acid at 100®. ' 


CI:N.C.N 

N;CI.C.NH^ 


NH.CO.C.NH'^ NH.CO. C.NMe'^ 


Diiodopunne BioXy^uriDe Dimethyldioxypnrine 

Urk add and caffdne may be directly syathesUed from malcmic acid 
and urea or x-dimethylurca ( f 207). , ^Vhen malonic acid and dimethylurea 
^ Ix^^er .wlth phosphorus ozychicnde, they condense to 
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maionyMmtthylurea, <CH2;(CO.NMe)2:CO^ £l urelde which cont£lms 
aBozan Bucleus, and is converted into dimethylalloxqn^oxime^i 0 |{ 4 »i:C: 
(CO.NMe}2!CO, by boiling with aqueous potassium nitrite- On teducing 
this oxime with hydriodic acid, it is converted into the corresponding 
amine, dimethyl-uramU, NH3.CHj(CO,NMe)2:CO, a basic cry§t^&e-<ab- 
stance. 

TTiis amine is converted, by boiling with aqueous potassium cyanate, into 
the potassium salt ofrf#w^/jy/-^^^-*#w a^*ii,NH2.CO.NH.CH;(CO-NMe)2:CO, 
a crystalline substance which is readily dehydrated to dinidhylufic acid 
by evaporation with hydrochloric acid. The conversion of the amine into 
the ^-uric (pseudo>uric) acid is parallel to that of ammonia into .urea by 
cyanic acid, and is an interaction of general applicability ; .uric acid is 
made synthetically from malonic acid and urea itself by a simi^ 

R.NHa + HCNO ^ [R.NHg.O.CNl R.NH.CO.NH3, 


^ co<n«';“>ch.nh.co.nh, ^ 

Dimethyluraniil Dimethyl-i^-uric acid I^nuthytUiic acid 

The dimethyluric acid is convertible into dimethylxanthine by a process 
which is closely parallel to the conversion of uric acid into xanthine. On 
beating the dimethyl-acid with phosphorus pentachloride and oxychloride, 
it is converted into chloro'dimthylxanthine, which is reducible by hydriodic 
acid to a dimethylxantbine, th^hylline. Theophylline is isomeric with 
theobromine, and when its silver salt is heated with methyl iodide is 
similarly methylated to trimethyl-xanthine, which is identical with cafieine 
(Fisch«:, 1895). \ 


CO.NMe.CJmv CO.NMe.C.N 

J^e.CO.ONH/ NMe.CO.dNH ^ * 

Dhr th 'luric add : ' Diinethylcfiloroiaiithiiie ; 

dimethyitrioxypurma chlorodimethyldioxypurina 
I 


CO.NMe.C.N . CO.NMe.C.N 
NMe.CO.C.NH^^^ NMe.CO.C.NMe 


>CH 


Theophylline CaSiefne ; 

dimethyldloxypnrtne trimethyldioiypurine 


200. Synopsis.— Uric acid or trioxypurine, an impratot 
constituent of mammalian urine, and the chief constituent of 
tife mine of birds and reptiles, is a complex ureide or tirea 
amide. Theobromine anji caffeine, the active constituents 
of tea, coffee and cocoa, me alkylated dioxypurines, closely 
related to uric add. 
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CO<r GH.NH 
^NH,CO 
^’Uric acid 
crystalline 


,”>co 



yNHXO 

KNQ»; 

nNHXO 
malonylurtd 
{barbituric acidj 
crystalline 


NKHLiSO 
nrlcaoid 

{triaxypuritu'^ 

microcryaUlitQC » 

feebly acid 


H>CCl 


CNH 
^NXCl 
/? ichloropurinc 
crystalline ; 
strongly acid [189'] 


Hl-t-P 


\n:CI 
diiodopurine 
crystalline [2?4’1 


•< 


Y 

•NMcX.NMev 
di.NMe>CO 
^NMeXO 
Utrameihylvric acid 
crystdllne ; 
soluble, neutral [228*] 


POCl» 


< • NMeX.N . 
NMcXO 

blorQtrimcikylxanihine 
{chUrocaffeinc) 
crystalliM [i88*] 



CH< 

>I:eH 

purine 

crystalline ; 
very soluble, 
both acid and basic 
[217“] 


^ Y 

co/ C.Nh/C« 
^NH.CO 
xanthine 
{dioxypurine) 
amorphous 


Mel 

[iPbaaltJ 


< NBIe.C.N . 
C.NUe 
NBfeXO 
caffeine 




Met 

(Ag salt) 


co/ 


{trimeikyldioxypurine ; 
irimetkylxanthinc) 
crystalline 
feeUe base [233*] 


Y 

,NMeX.N 

C.NM^“ 
NHXO 
iheobromtue 
(dimftkyldioxypuriue ; 
dinuikylxanthint) 
crystalline [sublimes] 
feeble base 


< NMeXO RNu 

CHfl 

NMeXO 

'^^^yldimetkylurea 
crystalline [143*3 


w!i ^ 


>NMcX.NHv 

CO/‘ 

NNMeXO 
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>CO( 

^NMeXb 
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ft 



CHAPTER XXXVI 


CYANOGEN COMPOUNDS ; THE CYANIDES 

201. The Simple and Double Metallic Cyanides.— The metallic 
cyanides, which with prussic acid derive their name from Prus- 
sian blue blue), are substances of great technical im- 

portance, and are used in large quantities in gold extraction, 
electroplating, etc. They are manufactured to a certain 
extent by direct synthesis from the elements ; the barium salt 
is thus produced when nitrogen is led over an intimate mixture 
of barium carbonate and carbon (pitch) heated at 1400^. 
They, are chiefly obtained, however, as direct or indirect bye- 
products of the manufacture of coal gas. 

Besides ammonia, crude coal-gas contains a very appreciable amount 
of hydrogen cyanide? which is readily converted into Prussian bine by 
absorption with alkali containing ferrous and ferric hydroxides in suspension 
{§§54> 302). Fused potash containing carbon in suspension absorbs 
ammonia freely, forming pure potassium cyanide. Ammonium thiocyanate 
(§ 210) is made synthetically from ammonia and carbon disulphide, or by 
washing crude coal-gas (which contains both hydrogen cyanide and 
ammonia) with water in which sulphur is suspended ; it yields pure 
hydrogen cyanide when distilled with dilute nitric acid, cm: calcium thio- 
cyanate when heated with lime ; the hydrogen cyanide is directly con- 
verted into the potassium salt, and the calcium thiocyanate is converted 
first into potassium thiocyanate, and then into cyanide by heating this 
with finely divided iron. 

BaCOa + 4C + N3 « Ba(NC), -4 3CO; 

KOH + NHa -j- C = KNC -f HsO Haj 
NHj, + HCN + S ->-NH^SCN ->KSCN ->KNa 

Potassium cyanide is also formed by fusing potassium ferro- 
cyanide (§ 202) either with potassium carbonate, when potas- 
sium cyanate (§ 207)^ also produced, or alone, when the pro- 
duct is free from tliis impurity ; it is best prepared from the 
ferrocyanide by fusing the dry salt with metric sodium, in 
which case it contains sodium cyanide, as well as the pot^sUim 
salt, but no cyanate. ♦ 

..'•Commercial “98 per cent, gold cyanide is usually such a^^nct, 
both more economical and more efficient than the older pro^^bon* 
Saing cyauate. 


3S8 
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K4Fe(NC)6> K2CO3 = 5KNC + KOCN + Fe + CO3 ; 

KiFeCJfC)^ = 4KNC + FeCa + Na ; 

K4Fe{NC)fi + Naa = 4KNC + 2NaNC 4- Fe. 

Potassium cyanide^ K.N;C (Scheele, 1782), which was origin- 
ally obtained by the interaction of potash a^d prussic acid, is 
a deliquescent, crystalline, exceedingly poisonous substance, 
which is readily soluble in water, but almost insoluble in abso- 
lute alcohol ; owing to hydrolytic dissociation its solution is 
strongly aUraline, and smells of formonitrile. Solid potassium 
cyanide is quite stable in dry air, but when fused is readily 
oxidised, so that it is a powerful reducing agent. 

The various metallic cyanides may be obtained from the 
potassium salt or from formonitrile. Si/ver cyanide, AgNC, is a 
white precipitate, which like silver chloride is soluble in am- 
monia, and reprecipitated by dilute nitric acid ; but it is dis- 
solved by this acid on prolonged boiling, and is not blackened 
by light. 

Mercuric cyanide, Hg(NC)2, a colourless, sparingly soluble, crystalline 
salt resembling mercuric chloride, is formed by dissolving mercuric oxide 
in warm, dilute hydrocyanic acid, or by boiling mercuric sulphate with 
potassium ferrocyanide solution ; its solution is not an electrolyte, and 
therefore does not react to the ordinary tests for mercury and cyanide 
ions ; it is decomposed by boiling with zinc. 

2K4Fe(NC)fl + 3HgS04 = 3Hg(NC)2 + 3K2SO4 + K^FeLFeiNOg] {§202). 

Cuprous cyanide, CuNC, is a white, insoluble substance resembling 
cuprous chloride, which is formed when copper sulphate is heated with an 
equivalent amount of potassium cyanide solution ; the cupric cyanide 
which would be expected is immediately resolved into cuprous cyanide 
and free cyanogen {compare Cuprous iodide), 

2 CuS 04+4KNC-= 2 CuNC+ C2N24 K2SO4. 

Th® cyanides of the heavier metals are mostly insoluble, but 
they nearly all combine with the alkali cyanides, forming 
soluble and more or less stable double salts. Potassium afgenio- 
cyanide, KAg(NC)i, a soluble, crystalline salt which is used 
in electroplating, is formed by dissolving silver cyanide in 
pota^ium cyanide solution, and is reconverted into silver 
cyanide by dilute nitric acid. 

Potassium aurocyanide, KAu(NC)2, is a similar compound. Potassium 
cuprocyanide, KCu(NC)2, is similarly formed from cuprous cyanide. Many 
such compounds are known ; some of the metals, however, do not form 
these double salts—i^ad cyanide, Pb(NC)2, is insoluble in potassium 
cyanide solution. 

202. The Complex Metallic Cyanides.— With metals of the iron 
group t^ese compounds are much more stable, ^nd must be 
complex rather than double cyanide*. The most 
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conspicuous is potassium ferrocyauide, which like the true 
double cyanides can be made by the direct union of the potas- 
sium and ferrous salts ; when ferrous sidphate is warmed with 
excess of potass^m cyanide solution, a clear yellow, filtrate 
is obtained, which deposits potassium ferrocyanide crystals 
when evaporated (§ 54). 

The ready synthesis of the alkali ferrocyanides provides the basis of the 
Prussian blue-test for nitrogen ; when sodium is heated to bright redness 
with nitrogenous organic matter, sodium cyanide is formed with fair 
^•"•■’dity ; this interacts with the ferrous salt, forming the ferrocyanide, 
iTom which by addition of ferric chloride in acid solution ferric ferro- 
cyanide or Prussian blue is precipitated ( § 54). 

FeSO^ + aKNC = Fe(NC), + K,SO,; 

4KNC + Fe(NC), = K,Fe(NC)^. 

Potassium ferrocyanide was originally obtained by decomposing Prussian 
blue with caustic potash ; it was afterwards prepared more directly by 
fusing horn, hoof-parings, and similar substances with potassium carbonate 
and scrap-iron, and until recently was manufactured in this way. 

Potassium ferrocyanide^ K4Fe(NC)g +3H2O (Macquer, 1750), 
forms large, transparent, yellow plates, which are tough and 
difficult to powder ; it is not poisonous, nor does it give the 
ordinary reactions for iron or cyanide, the metallic and cyan- 
ogen ions being united in the complex quadrivalent ferro- 
cyanogen ion, Fe(NC)^\ 

The corresponding acid, hydroferrocyanic acid, H4Fe(NC)Q, separates as 
a white precipitate on addilfg concentrated hydrochloric acid to a cold 
solution of the potassium salt. 

Prussian blue or ferric ferrocyanide, Fe4[Fe(NC)Jg (Diesbach, 
1704), which was originally obtained by the successive action 
of fused alkali and iron salts on nitrogSnous organic matter 
such as dried blood, is a dark blue powder, which may be crys- 
tallised from cold, concentrated hydrochloric acid. When 
digested with caustic alkali it is converted into ferric hydroxide 
and the alkali ferrocyanide, from which it is at once repre- 
cipitated by ferric salts in acid solution. 

jPo/as5tufK ferrous ferrocyanide, K2Fe[Fe{NC)(]], and copper ferrocyanide, 
C^tFefNClg], are the familiar light -blue (white) and reddish -jbrown pre- 
cipitates obtained in testing for ferrous and cupric salts. Silver ferro- 
cyanide, Ag^FefNCjg, is a white insoluble precipitate ; it interacts' with 
ethyl iodide forming a crystalline ester, ethyl ferrocyanide, Et4Fe(NQ6. 

ynlike Prussian blue, potassium ferrocyanide is decomposed by adds, 
and when distilled with dilute sulphuric acid yields formonitrile. When 
the aalt is heated with the concentrated acid, however, the fonnonitrilfe is 
at once reeved into, carbon monoxide by succesd-i^e hydrolysis and de- 
hyi^U<Hi } potassium cyanide similarly yields carbon monoxide quanti- 
tatively when cold concentrated sulphuric acid is allowed to drop'i^wnfi. 
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On oxidising potassium ferrocyanide by saturating its solu- 
tion with chlorine or bromine it darkens in colour, and on con- 
centrating the product Ihe corresponding complex ferric cyanide 
crystallises out. Potassium ferricyanidey K3Fe(NC)g (Gmelin, 
1822) crystallises in dark red prisms, and dissolves to a 
brownish -solution ; ferrous erricyanide or TurrCbulVs hlue^ 
Fe^ [Fe (NC)g]2» is a dark-blue precipitate, which resembles 
Prussian blue in appearance. Ferric ferricyanide\ Fe[Fe ( NC )g] , 
which is probably identical with ferric cyanide, is soluble 
in water and greenish-brown in colour. 

2K4Fe{NC>8-|-Cl2 == 2K3Fe(NC)8 -h 21(01. 

203. The Alkyl Cyanides. — Alkyl compounds, such as ethyl 
potassium sulphate and ethyl iodide, interact with potassium 
cyanide, forming compounds which Have the composition of 
alkyl cyanides, and are identical with the acid nitriles (§§ 56, 
64). The simplest nitrilq, formonitrile (§ 61), is hydrogen 
cyanide. If, however, the potassium cyanide be replaced by 
the cyanide of a heavy metal, such as silver, isomeric com- 
pounds of an entirely different character are obtained. 

When ethyl iodide is boiled in a reflux apparatus with dry 
silver cyanide it is rapidly absorbed, forming ethyl argento- 
cyanide, EtAg(NC)2, a soluble crystalline compound analogous 
to potassium argentocyanide ; and on heating this salt, either 
alone at 180®, or with concentrated potassium cyanide solu- 
tion at iQO®, a liquid is obtained which is isomeric with propio- 
nitrile, and is termed ethyl isocyanide. 

The same compound k formed when excess of caustic alkali is added to 
an alcoholic solution of chloroform and ethylamine hydrochloride, the 
action here being analogous to the formation of potassium cyanide from 
chloroform, ammonia and alcoholic potash. It is also produced in small 
quantities in the synthesis of nitriles by the alkyl-sulpbate method, and is 
formed by simple distillation of ethyl ferrocyanide. 

C^H^l + 2AgNC - C,H,.Ag{NC)3 + Agl ; 

CaH,.Ag(NC)g - CaHs.NC + AgNC ; 

C,Hs.Ag(NC)a + KNC ^ K.Ag(NC)a + CaH.,.NC. 

CaH.jCHa +CHCI3 + 3KOH=CaH,.N:C +3Ka + 3HaO; 

* ;Et4Fe{NC)9=4EtNC-|-Fe(NC)a. 

Ethyl isocyanide or ethyl-carhylamincy C2H5.N:C (Gautier, 
1865), is a volatile liquid boiling at 78°, which is characterised 
by a peculiarly offensive odour and taste, the vapour being 
nauseously bitter ; but it is not as poisonous as propionitrile, 
which resembles formonitrile in its ph5rsiological action. 

Unlike propionitrile, moreover, ethyl isocyanide is yery 
st^le toward alkcdies, and can be dried with solid potash ; 
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but it is hydrolysed by mineral acids with explosive violence^ 
yielding formic acid and the salt of the corresponding amine, 
ethylamine. Like potassium cyanide, ethyl isocyanide dis- 
solves silver cyanide with great avidity, forming a soluble 
argentocyanide, identical with that which is obtained in the 
course of its preparation. 

Many such isocyanides are known ,♦ they are all light, malodorous, 
liquids, which are stable towards alkalies, are violently hydrolysed by 
acids,’ and form soluble, crystalline double salts with silver cyanide. When 
heated in a moist state at 200®, they are slowly transformed into the 
corresponding nitriles, of which they are thus the labile isomerides. 

The formation of the isocyanides from chloroform and the 
amines, and their quantitative hydrolysis to the amines and 
formic acid show that the alkyl radical is linked to nitrogen ; 
in the nitriles the alkyl is linked to a carbon atom, and is un- 
connected with the nitrogen, as this is eliminated as ammonia 
when the compound is hydrolysed.' 

Et.N:C->Et.NH2 + H.COOH ; 

Et.C:N-> Et.COOH + NHg. 

The cyanogen carbon of the carbylamines and metallic cyanides Is 
bivalent or unsaturated, as in carbon monoxide ; ethyl isocyanide com- 
bines additively with acetyl chloride, farming pyroracemic ethylimino- 
chloride^ CHg. CO. CCbNEt, which yields ethylamine and pyroracemic acid 
when hydrolysed, showing that the acetyl radical has united with the carbon 
of the isocyanide ; many similar compounds have been prepared (Nef, 1892). 

A further proof is afforded by the formation of secondary amines ( § 213), 
when the products which are formed by the interaction of the isocyan- 
ides and alkyl iodides, are hydrolysed ; the union of the alkyl with 
nitrogen can only take place if the latter is tervaleat (compare Amines, 
1 212), which can only happen in this case if the (^bon is bivalent. 

C2H5.N:C -> C^H^.NiCCl.Ac CaH5.NH5 + COOILAc ; 

C«H^.N:C + Etl-j-C^Hs.NEtbC^CaHs.NH.CaHB. 

204. Mechanism of the Cyanide Synthesis. — ^The general analogy 
of the metallic cyanides to the alkyl isocyanides, their forma- 
tion of soluble Rouble silver salts, and the direct resolution of 
ethyl ferrocyanide into ethyl isocyanide and ferrous cyanide, 
leave no doubt as to their isocyanic constitution. 

The formation of nitriles from the alkali (iso)fyanides, 
but of .carbylamines from the (iso)cyanides of the heavy 
met^s, is in all probability due to the intervention of tin- 
intermediate additive compounds, the nature of which 
Is dependent on the relative state of nnsaturation of the 
(Isojcy^cs^caxbon and nitrogen underthe varying conditiot^s. 
- ^Etl [ - K.N:aEt] = KI +N : e.Et ; 

gg.N:C+BtI E=Ag.NEtI:q« Agl+NEtia 
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The carbon of potassium cyanide being bivalent and unsaturated, and 
the nitrogen tervalent and unsaturated, additive compounds analogoiK 
either to the acetyl chloride or the ethyl iodide compound of ethyljso- 
cyanide may be formed. When ther metal is highly electropositive, as in 
potassium cyanide, the carbon is the more unsaturated, and nitriles are 
produced (Nef, 1892). The same occurs when the metal is relatively 
electropositive to the added radical, as in the combination of 
acetyl chloride with silver cyanide, when pyroraceraic nitrile (acetyl 
cyanide) is formed ; although silver is a feebly positive metal, it is strongly 
positive compared with the electronegative acetyl radical - 
K.N:C + EtI = K.N:CEtI = KI + NiC.Et; 

strongly fenhly 
positive positive 

Et,N;C + AcCl = Et.N.CCl.Ac-^Et.NH2 + COOH.Acj 
Ag.N:C + AcCl = Ag.N:CCl.Ac = AgCl + Ni C.Ac. 

feebly strongly 
positive negative 

When, however, there is little electrochemical difierence between the 
radical of the cyanide and that of the alkyl com^lound, as in the interaction 
of silver cyanide with the alkyl iodides, the nitrogen is the more unsaturated 
and isocyanides result (Wade, 1902). 

Et.N:C + EtI = Et.NEtI:C^Et.NH.Et; 

Ag.N:C + EtI = Ag.NEtI:C = Agl + NEt-.C, 

feebly feebly 
positive positive , 

205, Formonltrile and the Metallic Cyanides.— The properties 
of hydrogen cyanide coincide with those of the nitriles. It is 
rapidly hydrolysed by alkalies, whereas isocyanides are parti- 
cularly stable towards these agents ; like the nitriles it is only 
slowly decomposed by concentrated hydrochloric acid, and it 
does not dissolve silver cyanide to any appreciable extent. Its 
production by the dehydration of formamide (§ 61) and 
formaldoxime ( §86} also indicates a nitrilic character, and its 
physical, as well as its physiological properties, agree with 
those of the nitriles, and differ from those of the isocyanides. 

The metallic cyanides are in fact not salts of ^ormonitrile, 
but of a labile isomeride, hydrogen isocyanide (Gautier, 1868), 
to which ordinary hydrogen cyanide bears the same relation 
as the nitriles to the isocyanides. 

The interconvertibility is explained on the above electrochemical 
grounds. Ail acids necessarily contain electronegative radicals, and 
therefore combine with the carbon of the metallic cyanide, .whatever the 
metal may be ; and the additive compound breaks up into formonitrile 
and^he metallic salt of the acid, just as the alkyl compounds mrm the 
hoihologous nitriles. 

K.N:C + Ha K,N:CHa = KCl + N-C.H ; 

K.N:C + EtCl » K J^;CEta == KQ + N ; C.Et. 

The reverse conversion of formonitrile into salts of isohydrocyanic acid 
is effected by a similar additive m^hanism ; the ions of the alkali combine 
with the nitrogen and carbon of the nitrilic cyanogen (compare Nitro- 
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methane, §332), forming additive compounds which are immediately 
resolved into the metallic cyanide and water, 

* H,C:N + KOH«H.C(OH):NK-HgO + C:NK. 

The formation of both nitriles and isocyanides from metallic cyanides 
has also been explained by the assumption that hydrogen cyanide is a 
“ tautomeric ” compound, in the molecule of which the hydrogen atcahs 
wander ” between the nitrogen and the carbon {compare § 144). 

208. Synopsis. — ^The cyanogen radical resembles the halogens 
in forming metallic salts akin to the haloid salts in stability. 
On the other hand, the corresponding alkyl salts show the 
characteristic mobility of organic compounds. All the alkyl 
cyanogen compounds exist in two isomeric forms, in one Of 
which, the iso-form, the alkyl is linked directly to nitrogen ; 
the metallic cyanides correspond with the isocyanides, whilst 
hydrogen cyanide is a nitrile, the acid corresponding with the 
metallic (iso)cyanides being unknown. 
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CHAPTER XXXVH 

CYANOGEN COMPOUNDS : THE CYANATES AND RELATED 
COMPOUNDS 

207 . The Metallic and Alkylic Cyanates : Cyanic Acid. — When 
fused potassium cyanide is exposed to air, or mixed with some 
easily reducible substance, such as red lead or manganese 
dioxide, it rapidly absorbs oxygen and is converted into potas- 
sium cyanate. The same compound is formed when cyanogen 
chloride vapour or cyanogen itself is led into caustic potash 
solution, the action being similar to the formation of h5^o- 
chlorite. from chlorine. It is also produced by the action of 
oxidising agents, such as potassium permanganate or sodiuir 
hypochlorite, on potassium cyanide solution. 

K.N;C -|-0 = K. 0 .CN; 

CLCiN + 2KOH = K.O.CN + KCl + HgO ; 

NjC.CJN + 2KOH = K.O.CN + KNC + HjO. 

Potassium cyanate^ K.O.C-N (Wohler, 1824) is a crystalline 
substance resembling potassium chlorate ; it is freely soluble 
in water, but only sparingly so in alcohol ; the aqueous solution 
is unstable, and rapidly hydrolysed to ammonia and potas- 
sium carbonate. Potassium cyanate forms precipitates with 
most metallic solutions ; lead, silver, and mercurous cyanates 
are white, whilst cuprous cyanate is green ; silver cyanate is 
readily prepared in crystalline form by evaporating a solution 
of urea with silver nitrate in molecular proportion. 

Ammonium cyanate, NH4.O.CN, is a very unstable crystalline 
substance which is interconvertible with its isomeride, urea or 
carbamide ; it is formed by direct unibn of cyanic acid vapour 
with ammonia at a low temperature. Cyanic acid cannqt be 
prepared from the potassium salt on account of the rapidity 
with which it is hydrolysed ; it is formed by distilling its poly- 
meridc, cyanuric acid (§ 208) in a current of carbon dioxide, 

=:= 3HCNO. 
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Cyanic acid, CN.OH (Wohler, 1824), is a volatile acid liquid, 
resembling acetic acid in odour. It is very unstable, the pure 
liquid polymerising above o®, with explosive violence, to a 
mixture of cyanuric acid, and another polymeride, cyamelide, 
which is a white substance resembling porcelain ; its aqueous 
solution is also hydrolysed to carbon dioxide and ammonia at 
the same temperature, and potassium cyanate solution is there- 
fore instantly hydrolysed by acids. 

CN.OH + H2O = CO2 + NH3. 

The chloride of cyanic acid is formed by the action of chlorine on mer- 
curic cyanide or aqueous hydrocyanic acid. Cyanogen chloride, CN.Cl, is 
a pungent volatile liquid, which boils at is”, and freezes at -5° ; it is 
very poisonous. It is hydrolysed by alkalies in the normal manner to the 
alkali chloride and cyanate, and when its vapour is led into concentrated 
ammonia, it is converted, also normally, into the corresponding amide. 
Cyanamide is best prepared, however, by the action of mercuric oxide on 
thiocarbamide (§210). 

Cyanamide, CN.NHg (Cloez, 1851), is a hygroscopic crystalline substance, 
which melts at 40®, but soon polymerises at this temperature. As an 
ammonia derivative, it forms salts with the sponger acids, but owing to the 
influence of the electronegative cyanogen, its acid properties are^tbe more 
prominent ; on adding aimnoniacal silver nitrate to an aqueous solution 
of the amide, yellow silver cyanamide, CN2Ag2> Is precipitated. Cyanamide 
combines with water, forming carbamide, to which it is thus related in the 
same way as acetonitrile to acetamide ; it has been used also in the syn- 
thesis of various* physiological products such as creatine (§228), 

CS{NH„), CN.NHa -> COtNHJa. 

The labile or normal alkyl cyanates are unknown (see Cyan- 
urates, below), but the alkyl isocyanates or carbimides are 
formed in the same way as the isocyanides, and are hydrplyscd 
in an analogous manner, although by alkalies, as well as by 
acids. Ethyl isocyanate is formed either by distilling a dry 
mixture of ethyl potassium sulphate and potassium cyanate, 
or by heating silver cyanate with ethyl iodide. The isocyan- 
ates are also transiently formed by the action of potash on 
the bromamides, during their conversion into amines (§ 212). 

Ethyl isocyanate or ethyl-carhimide, !j.N:CO (Wurtz, 1848), 
is a liquid which boils at 60®, and has a very pungent and un- 
pleasant odour. It is hydrolysed by caustic soda to sodium 
carbonate and ethylamine, whence its constitution ; ethylamine 
was first made as a result of this interaction. 

Ag.O.C i N -|-EtI=Ag.O.CI:NEt=AgI + 0 :C:NlSt ; 

Et.N.C :0 +H2O =Et.NH2 +CO2, 

Wh^ heated with water in a sealed tube, ethyl carbimide is cemverted 
into a substituted urea*, dicthylcarbamide, CO(NH£t)2> the ethylamine 
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combinmg with a second moiecule of the carbimide ; the action is analogous 
to the synthesis of carbamide from ammonium cyanate. 

CO:M.Et + NH2.Et « CO(NHEt)j 

208. The Cyanurates. — When cyanogen chloride is dissolved 
in alcoholic sodium ethoxide, the ethyl cyanate which might 
fie expected is not formed, ethyl iminocarbonate, NH:C(OEt)2 
(§ 227) being produced. The polymeric cyanuric esters are 
known, however ; they are prepared from cyanuric acid, a com- 
pound which is formed by heating urea (§193), and which also 
results, together with cyamelide, from the spontaneous poly- 
merisation of cyanic acid. 

Cyanuric CO(^|^*^q)NH (Scheele, 1775) is ai stable, 

crystalline, tribasic acid, which is resolved at a high tempera- 
ture into cyanic acid, with which it can exist in equilibrium 
at an intermediate temperature. When treated with 'phos- 
phorus pentachloride it is converted into cyanuric chloride, 
C3N3CI3, and would thus appear to be a hydroxy- compound 
(compare Uric Acid, § 197) ; but the presence of hydrogen in 
imido-form is proved by the conversion of the acid into a typi- 
cal nitrogen chloride ^ C303(NC1)3, when its potassium salt is 
chlorinated (compare §§ 150, 252). 

Cyanuric chloride ^ a crystalline substance melting at 

146®, is also formed by the spontaneous polymerisation of cyanogen 
chloride ; it is hydrolysed to the alkali cyanurate by alkalies. When 
cyanuric chloride is warmed with alcoholic sodium ethoxide, or silver 
cyanurate is digested with ethyl iodide at thS ordinary temperature, the 
ethyl ^ter of the acid is formed. Ethyl cyanurate, C3N3(OEt)3, is a 
crystalline substance which is hydrolysed by alkalies to alcohol and 
sodium cyanurate, and is converted into cyanuric chloride by phosphorus 
pentachloride. The alkyl groups are therefore linked to oxygen as in 
ordinary esters, and ethyl cyanurate is an 0-ester (oxygen ester). 

C3N3CI3 C3N3(0Et)3 -> CgNaiONals + sEtOH. 

When, however, ethyl cyanurate is overheated, or silver cyanurate is 
heated with ethyl iodide, an isomeric ester is formed. Ethyl isocyanuratet 
CsOslNEtls, is a crystalline substance resembling the normal or labile 
cyanurate j but it is resolved by caustic soda into sodium carbonate 
and ethylamine, and does not yield cyanuric chloride with phosphorus 
pentachloride. The alkyl groups are therefore associated with the nitrogen 
atoms, and ethyl isocyanurate isan,^* ester (nitrogen ester). When 
heated at 500®, ethyl isocyanurate dissociates into ethyl isocyanate, just 
aa cyaoittk add dissodates into cyanic acid. 

C,Na(OEt)5 C 303 (NEt )3 -> CO;NEt aNH^Et. 

209. The Fulminates. — ^By the action of metaJHc ^)r 

sSver on a mixture of alcohol and nitric acid, explosive mdWc 
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compounds are formed, termed fulminates, which are isomeric 
with the cyanates. The alcohol is cautiously poured into a 
large flask containing the mercury and moderately concen- 
trated nitric acid, and the violent action which soon sets in is 
moderated by adding more spirit ; on cooling the product 
•after the action has ended, the metallic fulminate crystallise? 
nut. 

Mercuric ftilminate^ Hg(O.NC)2 (Howard, 1800), is a crystal- 
line, highly explosive substance, which detonates when struck, 
and is used in percussion caps and dynamite fuses. Silver 
fulminate^ Ag.O.NC, is a similar substance which is too un- 
stable and dangerous to be of practical use. Sodium fulminate, 
Na.GiNG, a crystalline salt resembling sodium cyanide, is 
formed by the action of sodium amalgam on mercuric ful- 
minate solution, Fulminic acid or carhyloxime, HO,N;C, is a 
very unstable poisonous substance, which is known only in 
solution. 

The fulminates are quantitatively hydrolysed by warm 
hydrochloric acid to formic acid and hydroxylamine (Car- 
stanjen, 18S2), so that fulminic acid is the oxime of carbon 
monoxide, a view which is confirmed by the synthesis of mer- 
curic fulminate from mercuric chloride and sodium isonitro- 


methanc (§ 232); mercuric isonitromethane is formed as an 
interme(>iate product (Nef, 1894). 

C:N.OH + 2H2O -h HCl = H.COOH + KH2OH, HCl ; 

2 CH2;NO.ONa + HgCl^ Hg(O.NO:CH2)2 Hg( 0 ,N:C )2 + 2H2O. 

As aa isocyanide (hydroxyisocyanogen) iulmmic acid forms additive 
Compounds in which the bivalent carbon becomes saturated. When silver 
fulminate is dissolved in the calculated amount of cold dilute hydrochloric 
acid, an additive compound, chloroformoxime, is formed, which can be 
extracted with ether from the product ; part remains in solution as a silver 
salt. 

Ag.O.NiC + HCl - Ag.O,N:CHCl ; 

Ag.O.NiCHCl + HQ =1 AgCl + OH.N:CHCl. 

ChlotofQrmxime, H.CChN.OH (Nef, 1894), is a pungent and very 
poisonous, crystalline substance, which is stable only in solution; the 
dilute solution smells like prussic acid, and was formerly mistaken for it. 
Chloroformoxime has acid properties ; its silver salt, H.CChN.OAg, is 
stable in solution, although it contains both silver and chlorine, and gives 
precipitates with both silver nitrate and hydrochloric acid. 

Sodium fulminate dissolves ferrous hydroxide in presence of caustic 
^da, forming soiftwm /eft£»/M/m»nafg,Na4Fe(O.NC)g + i8H2G, a yellow crys- 
talline s^t, which closely resembles the alkali ferrocyanides, although less 
stable ; it forms a characteristic purple-red coloration with ferric riiloride, 
but is regoaverted into Silyer fulminate by silver nitrate: Similarly silver 
IS ctmverted by potassium boride into argmto^ 
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fulminaU, KAg(0.NC)2, a soluble crystalline salt resembling the cor* 
responding argentpcyanide (§ aoi). 

2Agp,N:C + KCl - KAg{0.NC)3 + AgCl. 

2i0. The Thiocyanates and Thlocarblmides. — Potassiunt cycmide 
combines with sulphur as readily as with oxygen, forming 
potassium thiocyanate or sulphocyanide. The salt may be 
prepared either by boiling potassium cyanide solution with 
sulphur, or fusing potassium ferrocyanide with potassium 
carbonate and this element ; in the latter case it is extracted 
from the cooled melt with hot alcohol. 

The corresponding ammonium salt is made by the action of alcoholic 
ammonia on -carbon bisulphide ; the mixture is kept for a day or two in the 
cold, and, on distilling the product, ammonium sulphide passes over, whilst 
an impure alcoholic solution of the thiocyanate remains. Ammonium 
thiocyanate is also formed when'hydro cyanic acid is evaporated to dryness 
with yellow ammonium sulphide, or in a similar manner from crude coal' 
gas. 

CSa + 4NH3 ^ NH^.CNS HCN + 

Potassium thiocyanate, K.S.C;N (Porret, 1814), is a deli- 
quescent salt, which is extremely soluble in water ; ammonium 
thiocyanate is very similar ; fenic thiocyanate dissolves to an 
intensely red solution in water, and hence serves as a delicate 
test both for ferric iron and for hydrocyanic acid ; mercuric 
thiocyanate is an amorphous, grey precipitate, which swells up 
curiously when burned. The free acid is obtained by distilling 
either salt with dilute sulphuric acid ; ihiocyanic acid is a vola- 
tile, pungent liquid which changes at once into a solid poly- 
meride on warming ; it is hydrolysed to ammonia and carbon 
oxysulphide by more concentrated dtid. 

When ammonium ‘thiocyanate is heated for some time at 1^0®, it is 
transformed into thiocarbamide, in the same way as ammoriium cyanate 
is changed into carbamide, and as with the cyanate the action is reversible. 
Thiocarbamide or thiourea, CSINHglg (Reynolds, 1869), is a silky, crystalline 
substance, which melts at 169°, and resembles urea in its actions ; Uke 
cyanamide, into which it is readily converted by desulphurisation with 
mercuric oxide, it forms two classes of alkyl derivatives. 

The labile or normal thiocyanates are formed by the interaction of the 
alkyliodides with the alkali thiocyanates. Ethyl thiocyanate, C2HS.S.CN, 
is a liquid which boils at 141®, and resembles onions in odour ; it is 
hydrolysed by caustic soda to sodium cyanide and cyanate, and an 
sdkylic sulphur derivative, ethyl disulphide, so that the ethyl radical is 
attached to the sulphur alone and not to the cyanogen. When overheated 
the normal alkyl thiocyanates are transformed into the more stable mus* 
tard-oils. 

K.S.CN + EtI EtS.CN ^ NaCN + NaOCN + EtaSa. 
stable isothiocyanates or mustard oils are made ffo™ 
JjlTbon l^ulphide and the primary amines, and in cas^ 
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are fonnedby heating the normal thiocyanates ; some of them 
are natural products. Black mustard seed contains a glucos- 
ide, potassium myronaie^ which is hydro- 

lysed by an accompanying enzyme, myrosin, to glucose, potas- 
'sium hydrogen sulphate, and allyl isothiocyanate, or oil of 
mustard ; this oil can be distilled with steam from the product 
obtained by digesting the ground seed with water ; it is identi- 
cal with the product obtained by heating allyl thiocyanate. 

In synthesising the isothiocyanates, carbon disulphide and the amine, 
such as ethylamine, are dissolved in alcohol ; the mixture becomes hot, 
and at the same time loses its alkaline reaction, and on cooling crystallises 
to the alkylic dithiocarbamate. On boiling the dithiocarbamate with mer- 
curic chloride solution, the mercuric salt at first precipitated is decomposed 
into mercuric and hydrogen sulphides, and the isothiocyanate ; the latter 
is distilled otf with steam. 

NHEt.CS.S.NHaEt -> (NHEt.CS,S).Hg ^ 2NEt.CS + HgS + H^S. 

Ethylamine ethyl-diikiocarbatmte, is a crystalline sub- 

stance analogous to ammonium carbamate ; the mode of its formation is 
precisely parallel in fact to that of this salt from ammonia and carbon 
dioxide. 

CSa + aNHj.Et = NHEt.CS.S.NH^t. 

Ethyl isothiocyanate or eihyl-thiocavhimide^ CgHs-NiCS (Hof- 
mann, 1 868 ), is a liquid which boils at 1 3 1 and has the intensely 
pungent and characteristic odour of mustard ; it is hydro- 
lysed by acids to ethylamine and carbon oxysulphide, or the 
products of hydrolysis of the latter, and the ethyl group is 
therefore linked to nitrogen. Allyl isothiooyanaie, CHaXH. 
CHa.NiCS, boils at I5I^ 

CaHg.NrCS C3HB.NH2+CO2 +H2S. 

211 . Synopsis. — ^The cyanates are derived from hydroxy- 
cyanogen, and 3rield carbonic acid and ammonia when hydro- 
Ijraed ; the thiocyanates are their sulphur analogues. The 
cyanic esters exist only in the stable form, in which the alkyl 
is linked to nitrogen, but both forms of the thiocyanic esters 
are known. The fulminates are derived from hydroxy-iso- 
cyanogen, and yield formic acid and hydroxylamine when 
hydrolysed. The cyanurates are polymeric with the cyanates 
and form two series of esters, in which the alkyl is linked to 
nitrogen and oxygen respectively. 
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CHAPTER XXXVIII 


THE AMINES AND AMMONIUM DERIVATIVES 

212. The Primary Amines. — The amines homologous with 
methylamine and ethylamine are termed primaryamines, 
as they bear the same relation to ammonia as the primary 
alcohols to water. Whilst methylamine and ethylamine may 
be prepared by reducing the corresponding nitriles, or by 
heating the alkyl iodides with alcoholic ammonia (§§ 57, 58), 
these processes are not of much use practically. . The nitriles 
are difficult to prepare in quantity, and the primary amines 
formed by the ammonia process are accompanied by others, 
the separation of which is very tedious (§ 213). Both pro- 
cesses are general, however, in the sense that any primary 
amine can be made by means of them. 

R.C : N -1-4H = R.CH2.NH2 ; 

RT + NH3 = R.NH2. HI. 

Various modifications have been devised in order to remedy this prac- 
tical defect. Alkyl chlorides, bromides or nitrates {§ 230), or potassium 
alkylsulphates, may be substituted for the alkyl iodide, or the ammonia 
itself may be replaced by pot^ium phthalimide ( § 324), the alkyl deriva- 
tives of which yield pure primary amines when hydrolysed. Other alkyl- 
nitrogen compounds, such as the nitroparaffins (§ 231), aldehyde-am- 
monias, aldoximes and aldehyde-phenylhydrazones {§85) also yield pri- 
mary amines when reduced. Pure primary amines are also formed by the 
hydrol^is of alkyl isocyanides {§ 203) and isocyanates (§ 207), but these 
compounds are too difficult to work with to render the method desirable. 
The cyanate hydrolysis is of historical interest as the first amine, ethyl- 
^ine, was discovered accidentally in the course of decomposing ethyl 
isocyanate with caustic potash (Wurtz, 1848). 

Practically, however, there is no general method by which 
aliphatic primary amines can be prepared in quantity, and 
special methods have to be used for the preparation of each 
particular amine. Methylamine is the most readily prepared 
of the aliphatic primary amines, as it can bo made in quantity 
from acetamide and formaldehyde, both of which are readily 
^■ccessible compounds. 
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When acetamide is treated with bromine at the ordinary temp^at^e 
it is converted into acetobromamide, acolourless crystalline substance which 
forms a very unstable potassium derivative, when cold dilufe potash 'k 
added to it. On adding the yellow solution thus obtained to warm con- 
centrated potash, the potassium compound is decomposed into methyl- 
amine and carbon dioxide, owing to the intermediate formation of methyl , 
isocyanate (Hofmann, i88i). The methylamine is accompanied only by 
a little ammonia, formed by a secondary action ; it is purified by dissolving 
its hydrochloride in strong alcohol, in which ammonium chloride is only 
slightly soluble. 

CHa.CO.NIIa-^CHa-CO.NHBr-^ CH3.CO.NKBr >CH3.N:C0 ‘^CHg.NHa. 

The formaldehyde method depends on a curious interaction between 
ammonium chloride and the aldehyde, which yield formic acid and fairly 
pure methylamine hydrochloride when heated together. The operation 
is carried out in concentrated aqueous solution at 60-100°, and a large 
excess of ammonium chloride is essential to the process ; this, however, is 
recovered unchanged when the liquid product is concentrated on a water- 
bath, as it is insoluble in a concentrated solution of methylamine hydro- 
chloride (Brochet, 1895). The action is akin to the decomposition of 
formaldehyde by caustic soda ( § 86). - 

2H.CHO + H.NH3.HCI » CHg.NHjjHCl + H.COOII ; 

2H.CH0 + No.OII ,» CH3.OH + H.COONa. 

The primary amines form a series which is graduated very 
similarly to the other homologous series. The lower mem- 
bers are very soluble, alkaline liquids, resembling methylamine 
and ethylamine (§ 57) ; their volatility and solubility alike 
decrease as the series is ascended, but even the highest amines 
have the same fundamental properties. The*amines all form 
additive salts with acids, and these in turn form double salts 
such as the platinichlorides and aurichlorides ( § 59). 

Tjift primary amines are converte 3 by nitrous acid into 
priipary (or above ethylamine, secondary) alcohols ; they 
form malodorous isocyanides {§ 203) by interaction with chlo- 
roform and alcoholic potash, and pungent mustard oils 
(§ 210) with carbon disulphide, etc. Finally, they interact 
with alkyl iodides even more readily than ammonia itself, 
forming secondary and tertiary amines ( § 213), and quaternary 
ammo nium compounds (§214).' 

CH3.NH2 (Wurtz, 1849), resembles ammonia, 
and is one of the most soluble gases known, i cc. of water 
dissolving 1,150 cc. at 12° ; like ethylamine it is inflammable, 
and condenses at — 6° to a very light liquid which fumes 
with acids ; methylamine occurs naturally in the 
^^-mercury weed, and is formed as a bye-product from beet- 
tegar residues (§ 2x3). 

s Ethylamine, CjjHs.NHj {§ 57), boils at 18V n-propytominet 
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CH2lEt.NH2j boils at 49®, and s^c-propylamine, CHMeg-NH^, at 
’32®. n-Bexylaminey CH',.[CH33i.CH2.NH2»is a light insoluble 
liquid boiling at 128®. Ceiylamine or hexadecylamincy 
CH3.[CHili4.CH2.NH2, is a crystalline solid which melts at 
46°, and has the essential properties of an amine, 

213 . The Secondary and Tertiary Amines. — The complex mix- 
tures obtained by the prolonged interaction of alkyl iodides 
with ammonia contain compounds, whicli are related to the 
primary amines in the same way as these are to ammonia 
itself ; methylamine interacts with methyl iodide precisely as 
ammonia does, forming a product, dimethylamine, the mole- 
cule of which is that oi ammonia in which two hydrogen 
atoms are replaced by alkyl, -and which is hence termed a 
secondary amine. 

*: CH3l + NH2,Me=CH3.NHMe,HI. 

The dimethylamine in turn forms trimethylamine hydrio- 
dide, the salt of a tertiary amine; and finally the 
trimethylamine unites with the alkyl iodide additively, form- 
■ ing trimethylamine methiodide or tetramethylammonium 
iodide, a quaternary ammonium compound. 

NH3 -> NH2Me -> NHMej > NMeg ^ NMe*!. 

The product actually obtained by heating methyl iodide with 
alcoholic ammonia is therefore a mixture of all four salts with 
ammonium iodide, the primary and quaternary compounds 
predominating. On a large scale the alkyl bromides give 
better yields than the iodides. 

The separation of these amines is a matter of some difficulty, a^ the 
results of fractionation are unsatisfactory ; it has been effected in the case 
of the lower amines by means of ethyl oxalate. The crude mixture of 
methylamines is distilled with caustic potash, by .which the amine and 
ammonia salts are decomposed, whilst the tetramethylammonium iodide 
is unaffected. 

The aqueous solution of the amines is then shaken with ethyl oxalate, 
which interacts with the amines in the same way as with ammonia, forming 
substituted oxamides or oxamic esters ; the primary amine, methylamine, 
yields a crystalline substance, symmetrical dimethyhxamide, [CO.NHMe]2, 
whilst the secemdary amine is converted into an insoluble liquid, ethyl 
dimethyloxamate, NMe3.(X).COOEt. The trimethylamine, which is un- 
affected, is then distilled off, and the two oxalic derivatives are separated 
and hydrolysed (Hofmann, 1862). 

NHMe.CO.CO.NHMe + 2KOH -* COOK.COOK + 2NH,.Me ; 

HMe*.CO.COOEt + aKOH - NHMca + COOH.COOK + EtOH. 

The s«»ndary amines are difficult to prepare, and are usually made by 
special process^; dimethylamine is most conveniently obtained from 
ditro9odffiii^3i«iiffhi/0 250), and «vea the preparatuxi is v^y 
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tedious. Dimeibylamiiie occui^ naturally with trimethylamhie in hsht 
and ^ o^tjuned from herring-brine ; trimethylamine is afeo present in 
hawthorn blossom. Trimethylamine is manufactured frOm --‘vin|iS^” 
the residual liquor from the distiilatiou of beet-sugar alcohol ; this M 
orated to dryness and distilled, yielding ammonia, trimethylanain^ 'aceto- 
nitrile and methyl alcohol ; the trimethylamine is converted into its h^td- 
chloride, and again distilled, when it breaks up into methyl chloride; free 
trimethylamine and methylamine hydrochloride (Vincent, 1874),. Tlj^ 
amine is used in the preparation of potassium carbonate by the Solvay 
process, as its hydrochloride is much morn, soluble than potassium bi- 
carbonate. 

sNMe^.HCi = 2MeCl + 2NMe3 + NHaMe^Q. 

, Dimethyiaminef NH(CH3)2 (Hofmann, 1851), is a heavy, 
soluble, alkaline vapour, which condenses at 7®, and resembles 
ammonia and stale fish in odour. Trimethylamine y N(CH3)3, 
is, a similar vapour, which condenses at 3®, and has a still 
more pronounced odour of fish. The corresponding diethyl 
compounds are much less volatile. Diethylaminey NH(C2H4)3, 
boils at 56°, and triethylamine, at 90°. 

Dimethylamine and trimethylamine differ from methyl- 
amine in that they do not form isocyanides with chloroform, 
mustard oils with carbon disulphide, or alcohols with nitrous 
acid. The latter agent has no action on the trialkyl-com- 
pounds, but it converts the secondary amines into nitroso- 
derivatives ; dimetkylnitrosamine, NMeg.NO, is an insoluble 
yellow oil, boiling at 153°. 

As the nitrosamines are hydrolysed by concentrated 
hydrochloric acid, they are utilised for the separation of^ 
secondary from tertiary amines j , excess of potassium nitrite 
is a^dded to the solution of the mixed hydrochlorides, and the 
nitrosamine is extracted with ether and hydrolysed ; the 
tertiary amine is then set free from the residue. 


NHMea -l-NO.OH -O-NMea.NO +H2O. 


The isomerism of the amines is analogous to that of the 
ethers and alcohols. There are four compounds of the for- 
mula djHgN ; two primary amines, propylamine and^ iso- 
propylamine, CgH^.NHj ; one secondary amine, methyl- 
ethl^-amine, CH3.NH.C3H6 ; and oiie tertiary amine, tri- 
njj&yl-amine, N(CH3)3. 

/&i?:ed amines are formed by the interaction of the simple 
jjkmin^ with alkyl iodides ; meihyi-ethylaminey CH3.1|H,C2H5, 
-faEnmoniacal liquid which boils at 35®, and fmmJS.^oily 
M^^so-compound with nitrous acid, is made, from 

ethyl iodide or ethylamine add me^yl , 
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KHaMe+Etl >NHMeEt,HK-NHaEt +MeI. 

214. The Qaaternary Ammonium Compounds : Stereoisomerism 
of Kftrogen Compounds, — The quaternary ammonium iodide, 
wluch TemaiAs when the final product of the interaction of 
ammonia and methyl iodide is distilled with potash, may also 
be made by the direct combination of trimethylamine with 
the alkyl iodide ; itis readily crystallised from water, in which 
it is only sparingly soluble. 

The rate of combination varies with the temperature, and also with the 
solvent (Menschutkin, 1895), the combination proceeding in methyl alcohol 
which is an ionising medium, nearly 300 times as fast as in hexane, which 
doK not allow of the fonnation of ions. 

•Tetrarnethylamnionium iodide, NMe4l (Hofmann, 1851), is a 
crystalline substance which resembles potassium iodide, 
except that it is sparingly soluble ; and it gives the ordinary 
reactions of an alkali iodide. It is not affected by caustic 
alkalies, but when its aqueous solution is warmed with excess 
of silver oxide, it becomes strongly alkaline, and the oxide is 
converted into yellow silver iodide. The alkaline solution has 
all the essential properties of caustic potash, and when evapo- 
rated under diminished pressure leaves a caustic, alkaline, 
translucent residue. 

Tetramethylammonium hydroxide, NMe^.OH (Hofmann, 
1862) is a crystalline, deliquescent, caustic substance, which, 
like potash, is highly alkaline and slippery to the touch. It 
forms salts with even • greater energy, and rapidly absorbs 
carbon dioxide, forming a stable carbonate. It precipitates 
metallic hydroxides from their solutions, saponifies fats* and 
even liberates potash from potassium salts. 

When the dry hydroxide is distilled, it is resolved into trimethylamine 
aadrnethyl alcohol ; but it is not a molecular compound of these substances, 
for it fOTms salts with elimination of water, and not by addition. More- 
over, dimethyUdieihyl-ammomum iodide, NMeaEtah is formed equally 
Weil iron dunethyl-ethyl-amine and ethyl iodide, as from methyl-diethyl- 
amme and methyl iodi^, whereas if the ammonium iodide and hydroxide 
were molecular compounds, two difierent substances, of the formulae 
NMe^EtfEtl and NMeEt2,MeI, would he formed. 

NMeaEt. + EtI .^NMe^Eta.I NMeEt, +Mel 
^NMeaEta.OH. 

When the nitrogen atom of the quaternary ammoninm 
compound is combined with four different alkyl groups, and the 
molecule thus rendered asymmetrical, the ammonium salt is 
resi^t^ble into optically active, enantiomorphous isomeiides. 
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Metkyl-ethyl-propyl^sobutyl-ammonium chloride, NMeEtPt» 
Bu^Cl, becomes laevo-rotatory when mould is allowed to 
grow on i1;s ‘solution (Le Bel, 1890), just as racemic acid. does 
under the same conditions ; and as there is no asymmetrical 
carbon in the molecule, the optical activity must be attributed 
to the asymmetry of the molecule with regard to the nitrogen 
atom. 

Such opposite isomerides have been isolated by means of 
a strongly dextro-rotatory acid, d-camphorsul^honic acid 
(§ 341) ; this is a powerful acid, which forms dextro- and 
laevo-“ammonium” salts, differingfrom one another in the same 
way as strychnine d-lactate from strychnine /-lactate (§ 139). 
In both cases the salts differ in optical activity arid are no 
longer enantiomorphous, and by reason therefore of their 
difterent solubilities they can be separated by fractional crys- 
tallisation (Pope, 1899). 

i-Methyl-allyl-pkenyl-benzyl-ammonium iodide, NMe(C3H6KC8H5)(C7H7)I 
(Wedekind, 1899), a crystalline substance resembling tetramethylam- 
monium iodide, is formed by the union of ally! iodide with methyl-phenyl- 
benzylamine, a tertiary amine which is made by the 

action of benzyl chloride on methylaniline ( | 250). 

When a solution of this quaternary iodide in acetone and ethyl acetate 
is boiled with silver ti-caniphor-sulphonate, it is converted into a mixture 
of the dextro-ammonium dextrosulphonate, and the lajvo-ammonium 
dextrosulphonate, which are separable by fractional crystallisation from 
acetone. On adding potassium iodide to the solutions of the respective 
salts, the sparingly soluble iodides are precipitated, just as tetramethyl- 
ammonium iodide is precipitated from its hydroxide by the same agent ; 
these iodides are optically active antipodes. 

^•MtthyUallyl-phenyUbemyl-ammonium iodide (Pope, 1899) is a crystal- 
line substance resembling the tetramethyl-compoimd j it is markedly dex- 
trogyrate [a]D“ + 52°; the corresponding is precisely 

similar in every respect, except that it is laevogyrate, [a] ^ — 51“. 

Other elements such as sulphur and tin form similar asym- 
metrical derivatives, which have been proved to be similarly 
resolvable into optically active isomerides. Optical activity 
is l^us not confined merely to compounds whose molecules 
contain asynametrical carbon atoms, but rests on the broader 
basis of general intramolecular asymmetry {Pope, 1899 et 
seq.). ■ 

215, Ute Diamines. — Whilst the amines are best regarded 
as d^ivatives of ammonia, they are also substitution^ro- 
of the .hydrocarbons ; methylamine is amind-methanej 
poly-amino-derivatives analogous to the glycola May 
be expected. The chief of these are the diUunines. 
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wMch are prepared by methods analogous to those employed 
in the preparation of the monamines. 

Ethylene diamine, the analogue of glycol, is obtained by 
the action of alcoholic ammonia on ethylene bromide at 100®, 
orby reducing cyanogen with sodium in alcoholic solution. 

CHaBr.CHaBr -> NH^.CHa.CHa.NH^ CN.CN. 


CU NH 

Ethylene diamine or diamino-ethane, (Cloez, 1853), 

is an alkaline liquid of ammoniacal odour, boiling at 1 16° j it 
forms additive salts with acids in the same way as the mon- 
amines, but as the molecule contains two basic nitrogen atoms, 
twice as much acid is neutralised as by a molecular proportion 
of a monamine. 

Similarly, the dihydrockloride, C2H4(NH2)2»2HC1, is con- 
vertible into the diplatinichloride, C2H4(NH2)2,2HCl,PtCl4, 
which contains only one molecule of the base per atom of 
platinum, instead of two, as with the monamines ( § 59) ; the 
number of basic nitrogen atoms is thus determined. 

Ethylene diamine, like all amines, is not decomposed by 
alkalies or acids, and is converted by nitrous acid into ethylene 
oxide, glycol obviously being formed in the first instance. 


CH2.NH2 rCH^OHn CH2 
CH2.NH2 ^ LcHaOH J ^ CHa^ ' 


The higher homologues of ethylene diamine are of importance on account 
of their identity with the ptomaines or animal alkaloids, which are formM 
by the putrefactive action, of certain bacteria on albumen and related 
animal products (Selmi, 1884). The tetramethylene compound is formed 
by reducing ethylene cyanide with sodium amalgam in alcoholic solution, 
and the pentamethylene compound is made from trimethylene cyanide 
in a similar manner ; trimdhyl^ne cyanide is made synthetically from the 
corresponding bromide, which is formed by heating allyl bromide with 
aqueous hydrobromic acid at 150°. 

CH CHt NH 

Teifamethylene diamine or piitrescine, (Ladenburg, 1886), 

Cii2«Crl2«NH2 

is a furning alkaline liquid which boils at 158^, solidifies at 24®, and re- 
sembles piperidine in odour ; it is a powerful base, and absorbs carbon 

CH CH NH 

dioxide freely. Pentamethylene diamine or cadaverine, CHo V- t ’ xt t 

C Jtlg • L • N H 2 

is a, similar liquid, boiling at 178° ; it is readily convertible into piperidine 
11388), an alkaloid obtained from pepper. 


81 6 . Synopsis. — ^The amines are derived from ammonia by 
replacing hydrogen by one or more alkyl groups, and from the 
hydrocarbons by similarly introducing one or more amino- 
They are all highly basic substances, which form 
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ammonium salts with acids and alkyl iodides, and arp not 
hydrolysed by alkalies ; the asymmetrical quaternary com- 
pounds are resolvable into optically active enantiomorplious 
isomerides, the activity of which is due to the asymmetty 
their molecules with regard to the nitrogen atom. 
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J’iiE AMINES AND AMMONIUM COMPOUNDS, 

CH,.orf^4^ ch3'I - - - > gh.cg.nh.h^ - - -m:h3.ch.i ch, ch.oh 

ifithyl alcohol , iodide acetamide ethyl iodide ethyl aloohed 

^ y ^ 


CH3.N:C0 (CHs.NH^, HC1)2. Ptci* 
methyl ' methylamlne 
isocyanate platinlclilorldo 

^ y golden-yellow crystals 



IINOa 



CH3.CN 

acetonitrile 

yit 


HCl CH..CH,.NH. 

ethylaunne ^ ^ ethyioMiue 

hydpchhride volatile 

deliquescent ammoniacal 

crystals liquid, (i8 J 


-^NMe3 

trimethylamiiie . 

ammoniacat, 

Ash odour (4°) 


IMt Y 

NUe^I 

tetramethsrl- 

anunonltun 

iodide 

CTysUlline; 
like alkali iodides 


NMeaEt 

dimethylcthylamint 
alkaline liquid (41’) 



NMeEta 

methyldietkylamint 
alkaline liquid (54°) 


AgOH 

y 


Y 

fNMevOH 

tetrametliyl- 

UlUllO]|iti]|| 

^^xide 

deliquescent, 

fustic alUli 



NMeaEt'l 
dimetkyldittkyi- 
ammonium iodide 
crystalline 


AsOH 

I 


•NEts . 
trvthylimine 
ll^ht alkaline 
liquid (90*) 


NEt*l 

Utrethylammenmut]^ 
iodide 
crystalline 


beat 


NMcjEt^.OH 

dittuthyldieihyl- 
ammonium hydroxide 
deliquescent^ 
caustic alkali 


[AgOH 


NEU.OH 

iityeihylamPtoniuM 

hydroxide 

deliquescent^ 
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IHE PRIMARY AMINO-ACIDS AND THEIR DERIVATIVES 

217 . Amlno-Aeetic Acid, — Glycine or amino-acetic acid is a 
sweet substance which was originally obtained by hydrolysing 
glue or gelatine, and hence tenned glycocoll sweet, 

#coAAa=:glue) ; it occurs naturally in the urine of herbivora in 
the form of a benzoyl compound, hippuric acid (§ 271), from 
which it may be prepared by hydrolysis with concentrated 
hydrochloric acid (Dessaignes, 1846). It may be .made 
synthetically by heating chloracetic or bromacetic acid with 
a large excess of ammonia, but the yield is not good, as the 
corresponding secondary and tertiary amino-acids are also 
■formed (Perkin, sen., 1859). 

CeHs.CO.NH.CHgXOOH +H.OH = CeHs.COOH+NH^.CHa.COOH; 

CHaClCOOH +2NH3 =- CH5(NH2).COOH -{-NH4CI ; 

These bye-products may be avoided, however, by replacing the am- 
monia by phthalimide, C6H4:(CO)2:NH(§ 5*4). Potassium phthalimide 
interacts quantitatively with ethyl chloracetate, at 150^ forming ethyl 
phthaloyl-glycin€t CgH4:(C©)2:N.CH2.COOEt, a crystalline substance which 
is hydrolys^ to phtbalic acid, glycine and alcohol when heated with hydro- 
chloric acid at 200® j as the phthalimide molecule contains only one hydro- 
gen atom linked to nitrogen, the formation of secondary and -tertiary 
amino-compounds is impossible (Gabriel, 1889). * 

C,H4:(C0)a:NK + CHaCl.COOEt - CeH^^COlarN.CHa.COOEt -f- KQ. 

' U C8H4(COOH)a + NHa.CHa.COOH -I- EWII. 

Glycine is readily prepared from formaldehyde by a modi- 
fication of the cyanhydrin sjmthesis. ’ Formaldehyde hydro- 
cyanide condenses with ammonia, forming amino-acetonitrile, 
winch condenses with more formaldehyde, forming a methyl- 
ene compound ; amino-acetic acid is readily made by the 
ac^on of a large excess of aqueous ammonia on formaldehyde 
cyxnhydrin. 

, H.CHO +HCK ->.CH2(NH*).CN [CH2:N.CHa.CKi 
H.CHO -l-NHa.GHj.COOH<J 
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A cold oonwntrated, solution of potassium cyanide is added slowly, with 
constant stirring, to a well-cooled solution of ammonium chloride in 40 
per cent. fc^Upddehyde, acetic acid being also added during the latter half 
of the proce^ ; the product eventually sets to a crystalline mass of an un- 
stable compound, Tnethylene-aminoacetonitrile (CH2:N.CH2.CN)3. This 
substanca» when hydrolysed by boiling with alcoholic hydrochloric acid, 
yields the hydrochloride of ethyl aminoacetate, whilst with aqueous 
hydrochloric acid free aminoacetic acid is formed (Cur tins, 1894), 

Glycine or amino-aceiic acid, CH2{NH2),COOH (Braconuot, 
1821), is a sweet crystalline substance, which melts at 232®, 
and at the same time is partially decomposed into carbon 
dioxide and methylamine ; the decomposition becomes quan- 
titative when the substance is heated with solid baryta, and is 
parallel to that of acetic, acid into methane and carbon dioxide. 
Glycine is fairly soluble in water, but almost insoluble in alco- 
hol and ether, 

CH 2 (NH 2 ).C 00 H + CO3 

Owing to the opposite actions of the amino-group and the 
carboxyl, glycine is almost a neutral substance ; it is slightly 
acid to phenol-phthale'in, but can only be titrated with alkali 
if the amino-group is protected by the addition of formalde- 
hyde. Glycine is not appreciably decomposed by aqueous 
alkalies or acids, but like acetamide forms unstable salts both 
with acids, bases and alcohols, of which glycine nitrate, C2H8 
NOajHNOs, the deep blue copper salt, Cu(C2H4N02)2 +H2O, 
and the deep-red ferric salt, may be mentioned. Like most 
complex amines glycine is readily oxidised, and reduces am- 
raoniacal silver solutions (compare Aminophenols, § 294). 

Glycine differs from acetamide in that being an amine, it is 
not hydrolysed by acids or alkalies ; that it is a primaiy amine 
is proved by its conversion by nitrous acid into the correspond- 
ing hydroxy-compound, glycoUic acid, which was hist made 
in this way. When glycine ester is treated with nitrous acid, 
however, an intermediate product termed ethyl diazoacetate 
can be isolated, which undergoes some very interesting trans- 
formations (§ 219). 

CH2(NH2).C00H CH2OH.COOH. 

218. DerivatiTes of AmlnO-Aeetie Acid. — ^As an acid, glycine 
forms esters, which are obtained as crystalline hydrochlorides 
when it is suspended in a solution of hydrogen chloride in the 
alcohol, and are also formed S3mthetically as above ; the free 
esters are prepared by decomposing the hydrochlorides with 
conc^trated i^ueous potash at a low temperature ; after 
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extraction witt ether in presence of potassium carbonate they 
are fractionated under reduced pressure. 

' Ethyl amino-acetate ox glycine ester ^ CH2(NH2).c8oEt (Cur- 
tius, 1888), is a fragrant oil resembling cocoa in odour ; it 
boils* at 3 5®/ 1 5 mm., or i49°/76o mm. ; its hydrochloride 
is a crystalline substance melting at 144°, andjJlQ 
which is a very characteristic salt, melts at Ethyl 

amino-acetate is strongly basic and fumes withholds, the 
amino-group no longer being counterbalanced by the 4 :arboxyl \ 
it cannot be kept unchanged except when dissolved in dry ettier. 

When glycine ester is evaporated with water it is converted into glyCine 
anhydride, )CO, a crystaUine substance melting at 275'’} 

the action is parallel to the conversion of ethyl acetate into acetamide, 
and of lactic acid into lactide. Glycine anhydride is rapidly hydtcdysed 
by boiling hydrochloric acid to glycylglycine hydrochloride^ from whicli the 
free amino-acid is liberated by moist silver oxide. Glycylglycine, 
NH2.CH2.CO.NH.CH2-COOH, is a sweet crystalline substance resembling 
glycine, and forms an ester, etc. ; it is a dipeptide, the simplest member 
of the class of polypeptides, or synthetic products related to the pep- 
tones and more complex proteins (Fischer, 1901). 

Amino^acetonitrile, NH2.CH2.CN, which is formed by the action of cold 
alcoholic ammonia on formaldehyde hydrocyanide, is an oily liquid boiling 
at 58^/15 mm ; like the ester it forms a crystalline hydrochloride, and it con- 
denses with formaldehyde to the methylene compound described above. 
Amino-acetaldehyde, NH2.CH2.CHO, i^ a very unstable substance, 
obtained by hydrolysing the corresponding acetal, NH2.CH2*CH(OEt)2, 
which is formed by the action of ammonia on monochloracetal, GH2GI. 
CH(OEt>a (§ 115). 

By the interaction of chloracetic acid with methylamine, a 
secondary amino-acid is formed, which bears the same, rela- 
tion to glycine as dimethylamine to methylamine. 

Sar cosine or methyl-glycine, NHMe.CH2.COGH (Liebig, 
1847), is a crystalline substance, which melts and decomposes 
at 220® ; it occurs naturally in muscle fluid, and is fotm^ by 
the hydrolysis of creatine (§228) and cafieine. 

Like glycine it is neutral, and stable towards acids and alkalies, mth 
which it forms similar salts— a deep-blue copper salt, a deep-red fetric 
salt, etc. Sflrcosme. ethyl ester, NHMe.CH2.COOEt, is an oily liquid boil- 
iug at 4.3'’/io mm. ; it is prepared in the same way as the glycine com- 
l^und, and fonns a similar crystalline hydrochloride, Sarcosine is decom- 
posed by heat into carbon dioxide and dimethylamine; its constitution as 
a secondary amine is fiurther confirmed by the action of nitrous acid, which 
converts it into COOH.CH2-NMe.NO. ^ 

> NHjMe + eHaaCOOH->NHMe.CHa.COOH -> NKMe^ + CO,, . , ... 

9ft. Eflvl Piuoaeeiate : Dlazometlume.— Frumpy amines are invaiiality con- 
'NilljHl.by nitrous acid into the corresponding alcohols, with eyolujdon pf 
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actloii being due to the decomposition of amine niti'ites, 
whiiii are compounds re^mbling, but even more unstable than ammonium 
nitrite. With the amino.esters, however, these nitrites are , sufficiently 
stable to ‘be ^olated, and to allow the process of decomposition to be 
followed J before undergoing complete decomposition they are converted 
into intennediate compounds, known as diazo-esters. 

When ethyl amino-acetate hydrochloride, suspended in ether, is digested 
with silver nitrite, it is converted into ethyl amino-acetate nitrite, COOEt. 
CHj.NHjjHNOg, an insoluble substance which may be crystallised from 
alcohpl ; but tf the alcoholic solution be heated to 50'’, this nitrite is 
dehydrated to ethyl diazoacetate. 

Tne same compound is formed directly by adding sodium nitrite to a 
concentrated aqueous solution of the ester hydrochloride ; the product is 
extracted with ether, distilled with steam in presence of baryta, and dried 
with calcium chloride. 

Ethyl' diazoacetate, CHN^.COOEt (Curtius, 1883), is a golden-yellow oil 
having a characteristic, penetrating odour ; it is stable in presence of 
alkalies, but cannot be safely distilled, as it decomposes explosively when 
heated, forming nitrogen and ethyl fumarate. When mixed with water, 
ethyl diazoacetate is hydrolysed to ethyl glycollate and nitrogen ; with 
alcohol it similarly yields ethyl ethoxy acetate, with concentrated hydro- 
chloric acid it gives ethyl chloracetate, and with iodine it forms ethyl di- 
iodacetate. 

By means of this unstable intermediate compound, the number of 
types which can be prepared from amino-acids is greatly increased ; 
owing to their instability very few aliphatic diazo-compounds have 
been isolated, but in the aromatic group they are much more stable and 
consequently more numerous (see Diazonium Compounds, § 258). 

Most of the amino-esters form diazo-esters, which afford an excellent 
qualitative test for the presence of amino- acids. A small quantity of the 
substance is dissolved in absolute alcohol, and the solution is saturated 
with hydrogen chloride, the excess of which is then boiled ofi with the 
alcohol ; the residual ester hydrochloride is now dissolved in a few drops 
of Water coveted with a little ether, and on the addition of a few crystals 
of sodium nit^fe the diazo-compound is formed ; it dissolves.iu the ether, 
and on evapMating the solvent in a watch-glass remains as a yellow, oily 
drop having a characteristic penetrating odour ; on adding a drop of con- 
centrated hydrochloric acid the ester dissolves, with efiervescence, to a 
colourless solution of the corresponding chloro-acid. 

The methane derivative corresponding with diazoacetic acid is made by 
the action of warm potash on nitrosomeihyluretkane, NO.NMe.COOEt, an 
irritating, corrosive, liquid, which is formed by passing nitrous fumes into 
W ethereal solution of methyl-urethane, NHMe.COOEt (from methyl- 
isocyanate and alcohol at 100°). Diazomethane is also produced by the 
ihteractioa of hydroxylamiue and methyl-dichloramine, CH3.NCI2, a volatile 
liquid whic^ is formed by chlorinating methylamine hydrochloride with 
bleaching-jpowder. 

c 60 Et.NHMc->-COOEt.NMe.NO>CO,+EtOH+CH 2 ;N 3 +H 2 O; 

" CH3.NCla+NHa0H->2HCl-i-CH.^:Na+H*0. 


N 

CHs ( (Pechmann, 1894) U a yellow gas, which is readily 
tb b very volatile liquid { it is odouilesst but very yoisonoiue 
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and corrosive. Its actions are simiiar to those of eth^ diazo^t’ate, 
nitrc^en being eliminated with most agents. It yields methyl '^hal 
with water, methyl chloride with hydrochloric acid, acetonitrile wi:^ hy- 
drogen cyanide, and methylene iodide with iodine. When reduce with 
sodium and alcohol it is converted into methyUhydrazinej CH3.NH-NH2. 
CHgiNa + H.OH « CH3.OH + J 
CH^:Na + H.CN = CH3.CN + Na ; 

CHa:Na + 4H » CH3JSH.NH2. 

220. Higher Amino-Acids. — ^The chief of the fatty acid de- 
rivatives homologous with glycine are alanine fmd leucine. 
The first of these can be made synthetically from ammonia 
and a-chloropropionic acid, and by the hydrolysis of alde- 
hyde-ammonia cyanide with hydrochloric acid. 
CHs.CHC1.COOH->CH3,CH(NH2).COOH 

'!^CH 3 .CH(Nns}.CN CH8,CHOH.NKa. 

Alanine or a-amino-propionic acid^ CH3.CH(NH2).COOH 
(Strecker, 1850), is a crystalline solid, which melts at 255°, and 
resembles glycine ; it is decomposed when heated, quanti- 
tatively when heated with lime, into ethylamine and carbon 
dioxide. Alanine is indifferent to acids, but forms the usual 
coloured metallic salts and alkyl esters j alanine ethyl estef 
boils at 48®/ r I mm. ; as a primary amine alanine is converted 
by nitrous acid into the corresponding hydroxy-compound, 
lactic acid, which was first S5mtlvesised in this manner. 

As the alanine molecule contains an asymmetrical atom 
the substance should be resolvable into optically active anti- 
podes ; but as the acid and basic properties are so extremely 
feeble, the resolution cannot be effected in the ordinary 
manner. If however the alanine is converted into the benzoyl 
alanine, CH3,CH(NHBz).COOH, analogous to hippuric acid, 
by shaking with benzoyl chloride and sodium carbonate 
( § 270), the acidity of the molecule is so much increased by the 
over-neutralisation of the amino-group that the benzoyl-acid 
forms stable salts with alkaloids.* > 

Ih this way the benzoyl compound of S5mthetic alanine 
may be resolved by means of its brucine soli into too- 
benzoyhlanine and dextrobenzoylalanine, from which the cor- 
responding and d-edanine are liberated by hydrolysis ; 

tl^^l^th melt at 207®, and are equal and opposite in rotatory 
(Fischer, 1899). Glycine cannot be decomposed in this 
mil|iaer, as its molecule does not contain an asymmetrical atom. 

^ ^ — 

* K glycine— 0*000,000,05 i K hippuric acidwo‘092^ 
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_|3.Hyifo^aIant»^, ac serine^ CHjOHXHlNHajXOOH, a (^talUne 
substance mating at *46“, is tbe principal product of the hydrolysis of silk 
gelatine ( 5 224) j it is reduced to alanine when heated with hydriodic 
acid, and may be made synthetically in a similar maimer to alanine, 
by hydrolysing the amino-derivative of glycoUic aldehyde cyanhydrin 
(glyceronitrile) with hydrochloric acid. 

CHaOH.CHOH.CN CH»OH.CH(NilO.COOH ^ CHa.CHtNHd-COOH. 

Cysteine ot*a-aminoihiolactic acid, CH3X(SH){NHa).C00H, which is 
closely related to alanine, is a crystalline substance obtained by reducing 
cystine with tin and hydrochloric acid, and is readily reconverted into 
that substance by oxidation with air. Cystine, SjiCMelNHalXOOH]^, is 
the cOTresponding disulphide ( § 239) ; it is obtained by hydrolysis of albu- 
men, casein, etc. ' 

Lmcine or a-amino-isocaproic acid, CHMe2.CH2.CH(NH)2. 
COOH (Proust, 1818), a crystalline substance, melting at 170®, 
is formed by hydrolysis of albumen and casein, and by boiling 
horn shavings mth dilute sulphuric acid ; it resembles its 
lower homologues in every respect, and can be made syn- 
thetically from a-brom-isocaproic acid and from isovaleralde- 
hyde. When boiled with manganese dioxide and dilute sul- 
phuric acid it is oxidised to carbon dioxide and isovaleronitrile ; 
its ethyl ester boils at 83^/12 mm. 

Synthetic leucine, as a racemic compound, is resolvable into its optical 
components in the same way as alanine, the cinchonine and quinidine salts 
of its benzoyl-compound being fractionated. The two benzoyl-compounds 
thus obtained melt at 107'’, and are hydrolysed by 10 per cent, hydrochloric 
acid to ^-leucine, [«]& — -'i7">and \deacme,ia\o — + 16“ (Fischer, 1899) ; 
the latter is identical with the product obtained from albumen, and may 
also be prepared by allowing mould to grow on the racemic compound 
(compare Racemic Acid, § 162)- When Meucine is heated with baryta- 
water at i8o“, it is racemised, or converted into **leucine, identical with 
the synthetic product. 


221. Dibasie Amino- Ac ids. — Besides the monobasic amino- 
acids, there are amino-derivatives of the dibasic acids ; the 
most important of these is amino-succinic or aspartic acid, a 
substance which occurs in beet-root, and is also obtained 
together with other amino-acids by hydrolysis of proteins 
(§ 222). The corresponding monamide, asparagine, is found 
in young beans and vetches, and especially in asparagus juice 
and lupin seeds. 


Mpara^ne or imino-swcinamic aciek 


CK(m,).COOH 
CH5.CONH, 

* (Vauqueluv 1805), is a sweet crjrstalline substance, like glycine; 
^ an aimde, it forms salts with bases and acids, and is 
hydrolysed by alkalies to the corresponding acid, amino- 
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succinic acid ; it may be prepared by heating ethyl brQn|o- 
succinate with strong ammonia at loo*^. Both 
fications occur in nature, and may be obtained from . the in- 
active or synthetic compound by the alkaloid method ; it is 
noteworthy that whilst the dextro-modification is sweet, the 
l0evo-modification is tasteless (compare Selective Action df 
Enzymes, § 174). * 

, . , . . CH(NH2).C00H, . 

Amtno-succimc or aspartic acidy ' 13 ‘ a 

Cri 2 *C<OOri 

crystalline substance resembling the other amino-acids j the 
acid of beet is dextrogyrate, and is also formed by hydrolysis 
of albumen with alkali. As primary amines the aspartic §cids 
are converted by nitrous acid into the corresponding hydroxy- 
compounds, the active malic acids. 

Glutamic acid, COOH-CHINHal-CHa.CHa.COOH, a crystalline sub- 
stance resembling aspartic acid, is known chiefly as a product of prptwn 
hydrolysis. Lysine or at-diamino-caproic acid, CH2(NH2)-CH2.CH2.CH2. 
CH(NH2).C00H, is similarly formed ; it is decomposed by putrefactive 
microbes into carbon dioxide and pentametbyleile diamine, CH 2 {CH 2 XH 2 . 
NHgla (§ 215), and has been made synthetically. Its next louver homo- 
logue, ornithine or diaminovaleric acid, CH2(NH2)»CH2*CH2.CH{NH2). 
COOH, similarly yields tetrametbylene-diamine ; the origin of these dia- 
mines in the putrefaction of tinned meats, etc., is therefore explained. 

222. The Proteins : Alhumen and Derived Compounds.— Exclud- 
ing mineral matter and fat, the dry material of animal organisms 
consists of a complex assortment of nitrogenous compounds 
termed proteins, or proteids, which are ultimately resolvable 
into amino-acids. The proteins ma^ be classified roughly 
into typical protelnsy compound or conjugated proteins, and 
albumenoids. Of these, the conjugated proteins are combina- 
tions of albumens with other substances, such as nucleic acid, 
a derivative of purine, and need not be considered further. 

The typical proteins are divided into the albumens, such as are 
present in blood-serum and white of egg, and the chemically 
very similar globulins, which differ from the albumens chiefly 
in being insoluble in water. The albumenoids, or substances 
wHch remain undissolved in the bones, skin, etc., comprise 
such substances as keratin or horn-material, and collagen, the 
glue-like basis of cartilage. 

Certain vegetable globulins and animal albumens can be 
obtaipj^d in crystalline form. From the serum of “Bie horse 
white of egg, crystalline albumens may be prepared 
the following process. The viscid liquid is mixed v^h an 
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volume of a saturated solution of ammonium sulphate ; 
the' globulin fraction is filtered off, and the filtrate rendered 
distiicfiy acid with acetic acid ; in the course of a few hours 
it becomes almost solid with soft, transparent, needle-shaped 
crystals; which may be drained in the usual way (Hopkins, 
1898). The chemical individuality of the substance thus 
prepared is indicated by the constancy of its rotatory power 
after repeated fractional crystallisation, 

Egg-^bumen is a neutral crystalline substance, which is 
soluble in water and dilute solutions of alkalies and salts, 
from which it is precipitated unchanged by saturation with 
ammonium.sulphate ; it is l©vo-rotatory, the rotatory power 
of recrystallised egg-albumen being [a]jj=: - 31®, 

Albumen contains sulphur, as well as the elements of 
the constituent amino-acids ; the analyses are not yet suffi- 
ciently concordant to justify a formula, but the molecular 
weight as determined by titration with alkali in presence of 
formaldehyde (compare Aminoacetic acid, § 217) is over 
3000, whilst the cryoscopic method gives a stUl higher number. 

When egg-albumen is heated at about 73 i^r it is coagulated, or rendered 
amorphous and insoluble ; the same result is obtained by the action of 
strong alcohol or nitric acid, an excess of the latter of which causes also a 
brilliant yellow colour, from the formation of nitro-phenolic compounds 
( § 394). Albumen forms a red coagulum when boiled with mercuric ni- 
trate solution containing nitrous acid (Millon, 1837), and a delicate violet 
colour with caustic soda and very dilute copper sulphate, similar to that 
which is yielded by biuret under the same conditions. When albumen 
solution containing a little glyoxylic acid is brought into contact with con- 
centrated sulphuric acid, as in the familiar ring test for nitric acid, an 
intense purple colour is developed by condensation of the glyoxylic acid 
with indole-amino-propionic acid ( § 407) formed by hydrolysis of the albu- 
men ; this forms a very delicate test (Hopkins, 1902). 

Coagulated albumea cannot be redissolved in water, but 
like the simpler amino-acids it combines with dilute acids and 
alk^ies,. f omiing soluble acid albumens or syntoninSf and 
alkaU albumens or albuminates ; these may be precipitated as in»^ 
soluble salts by such agents as phosphomolybdic and phos- 
photimgstic acids, copper sulphate and mercuric chloride. 

On further treatment with hydrolytic agents the syntonins 
and albuminates are successively resolved into albumoses or 
noa-coagulable albumens, and peptones or soluble proteins 
which can neither be coagulated nor salted out. The same 
transf9rg;iation is effected during the process of digestion by 
the enzyme pepsin of the gastric juice (compare § 173). 

u , 
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The albumoses and peptones still give many of the charac- 
teristic colour reactions of albumen, but when further hydro- 
lysed, preferably by heating with alcoholic hydrochloric acid, 
are resolved, in some cases quantitatively, into complex 
mixtures of amino-acids, which can be separated and iden^ed^ 
by means of their esters (Fischer, 1901). 

The ester hydrochlorides, produced as a direct product of the 
hydrolysis, or prepared from the mixed amino-acids (compare 
Glycine ester, § 218), are converted into free esters, and these 
are separated by fractional distillation under low pressure, 
and identified by conversion into suitable crystalline deriva- 
tives such as the picrates, benzoyl-compounds, etc. 

The chief amino- acid thus obtained from ordinary egg - albumen is 
Meucine, of which the dry protein yields as much as one-fifth by vj^eight ; 
alanine, phenyl-almiiiie ( § 335), aspartic acid, cystine, and tyrosine ( § 335) 
also occur in considerable quantities ; and glutamic acid, pyn?olidine- 
carboxyUo acid (§407)> serine, indole- aminopropionic acid (§407), arginine 
(I 32 8) and glycine are formed in progressively decreasing amounts. 
Lysine and histidine (§408), which is probably a glyoxaline derivative, 
are also obtained under certain conditions. 

Casein differs from the true albumens in containing phosphorus, prob- 
ably in loose combination as phosphoric acid, and in being acid to litmus ; 
it is only slightly soluble in water, and is not coagulable. The principal 
amino-acid obtained by hydrolysis of casein is l-leucinef of which as much 
as 30 per cent, by weight is formed ; tyrosine and aspartic and glutamic 
acids are also produced in considerable quantities. When casein is hydro- 
lysed by the enzyme trypsin of the pancreatic juice, it yields Considerable 
quantities of indole-aminopropionic acid, cystine and tyrosine. 

223 . Constitution 0! the Proteins : 'Synthetic Polypeptides.— 
It is not yet definitely known how the amino-acid ^oups are 
combined in the molecule of albumen. The individual albu- 
mens are widely different chemically. Egg-albumen yields 
aminohexoses (iS per cent.) as well as the above amino- 
acids, whilst from serum albumen but a small quantity of 
these sugar derivatives (i per cent.) is obtainable. Even 
iu- egg-white there are various non-crystallisable proteins 
wltiose general properties agree with those of the albumens. 

Many complex polypeptides (§ 218), which resemble the 
peptones and higher proteins in giving the biuret reaction, and 
in some cases in being hydrolysed by trypsin, havebeen made 
syntheticahy ; the more complex the product, the smoother is 
i^^s^i^esis, and the closer the resemblance. 

V^a^p^lycine ester (| 318) interacts with ethyl cMorocarlxxtofe, fcm 
; a-embefhoxy’g^ytyl^lycine^ COOEt.^iH.GH3,CO,NH.CH^GOOEt, ^ 
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c^ysta^ine substance melting at 87% which is converted by liquefied ani' 
moola at the ordinary temperature into the corresponding diamide. 
a-Carhdmino-glycylglycinamide, CONH 2 .NH.CH 2 .CO.NH.CH 2 .CONH 2 , is a 
crystalline substance melting at 210® ; it gives a violet “ biuret ” colour 
with alkali and copper salts, and generally resembles the simpler proteins. 
t The“^;;O.NH.CH2 — complex may be repeated almost indefinitely, and 
by this and analogous methods simple and mixed pol3T)eptides (such as 
glycylalanine) have been synthesised, in which as many as five or six of 
these complexes may he present. Such compounds not only give the 
biuret reaction, and are precipitated by phosphotungstic - acid, but are 
digested {i.e. hydrolysed) by trypsin. 

Compounds of this type have also been prepared by cautious 
hydrolysis of proteins, and it is probable that the biuret ” 
reaction of proteins is due to the presence of the atomic 
complex .C.CO.NH.C. 

The simplest natural complexes of amino -acids are the protamines^ which 
are present in quantity in spermatic fluid. Salmine, CiaH3iN903t, 
from salmon roe, is resolved by hydrolysis mainly into nucleic acid, argi- 
nine (over 80 per cent.), lysine and histidine ; it gives the biuret reaction, 
and is hydrolysed fay trypsin, gradually ceasing to give the biuret colour 
as the molecule is broken up. Sturine, from sturgeon roe, yields similar 
products. As arginine, lysine and histidine are also obtained under cer- 
tain conditions by hydrolysis of albumens, it is probable that the proteins 
contain a protamine nucleus, associated with polypeptide groups, which 
yield the simple amino-acids, tyrosine, etc., when hydrolysed. 

224, The Proteins ; Albuminoids. — The chief of the albumin- 
oids is gelatine f an amorphous substance which is soluble only 
in hot water, and is not coagulable by heat or nitric acid, 
although it is precipitated by mercuric chloride in acid solution 
and by tannin (§ 31 1). Gelatine has the essential character- 
istics of an amino-acid ; its molecular weight, determined by 
titration with alkali in presence of formaldehyde, is over 4500. 

The principal product of the hydrolysis of gelatine is glycine, of which 
it yields 16 per cent, by weight ; the albumens do not yield much glycine. 
Pyrrolidine-carboxylic acid and leucine are also produced in large quanti- 
ties, and glutamic acid, alanine, aspartic acid and phenylalanine are formed 
in smaller amounts ; the optically active acids are to a large extent racem- 
ised at the high temperature required for the hydrolysis. 

Silk is composed of fibroin, which forms the centraT portion of the fibre, 
and sericin, a glue-like substance which forms the outer coating. , Sericin 
yields a large amount of serine when hydrolysed, whilst fibroin gives gly- 
cine (36 per cent.), d-alanine (21 per cent.), Myrosine (lo per cent.), with 
small quantities of Meucine and l-phenylalanine. 

225. Synopsis.— The amino-acids, the principal constituents 
of the p]j)teins of nitrogenous animal compounds, are amino- 
substitution products of the carboxylic acids. They re- 
semble the add amides in their neutrality, Imit . as amines they 
are not hydrol^able. 
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CHAPTER XT 

COMPLEX AMINO-COMPOtJND3 

226. The Quaternary Amlno-Aclds and Related Compounds.^ 

Several quaternary ammonium derivatives are * known, 
which are closely related to glycine ; the most important are 
the natural bases, choline, neurine and betaine. Choline is 
found in combination in bile, and in the brain and spinal cord ; 
it occurs also in hops, and can be made synthetically. 

Choline or hydroxyetkyl-tYimethylammonium hydroxide y 
CHjiOH.CH2.NMe3.OH (Strecker, 1862), is a deliquescent, 
difficultly crystallisable substance, which resembles tetrame- 
thylammonium hydroxide in character, and is a powerful 
base, absorbing carbon dioxide with avidity. 

The constitution of choline is proved by two syntheses \ the first, which 
establishes its relation to glycol, consists in the. union of trimethylamine 
with ethylene oxide and water, and the second, which confirms its con* 
stitution as a quaternary amm onium compound, is effected by the suc- 
cessive action of methyl iodide and moist silver oxide on hydroxyethylamine, 
CH 2 OH.CH 2 .NH 2 , a basic liquid formed by hydration of vinylamine 
(Baeyer, Wurtz, i866}, 

NMca + CHa v ^ CH^.NMe^.OH CH^,.NMegI CH^.NHg 

CHa' " ^CH,OH '^CHaOH "^CHaOH. 

Leciihiny C^^H^gNPOy an important constituent of brain 
matter, yolk of egg, etc., is a complicated fat or glyceride con- 
taining choline ; it is a crystalline, wax-like substance, which 
dissolves only imperfectly in water. As it is hydrolysed by 
acids and alkalies to chohue and glyoero-phosphoric and 
stearic acids, it is probably choline distearyl-glycerophosphate, 

CH2,O.CO.Ci7H3b 

CH.O.CO.Ci,H35 

CH2.0.P0f6H).0.CH2.CH2.NMe3.0H. 

. As a primary alcohol, choline is oxidisable to the correspoud- 
mg acid, hydroxy-inmethyl-aminoacetic acid, the ammonium 
hydroxide corresponding with glycosine and sarcosine ; the 

MS 
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anhydride of this acid is identical with betaine, the alkaloid 
of beet-root 


Betaine or trimethyl-glycine 


CHa.NMej, 
’ CO, 6 


+ HaO (Liebieich, 


1 869), is a sweet, deliquescent substance, which was first formed 
in the above manner. Unlike choline, it is neutral, the car- 
boxyl forming a kind of internal ammonium salt with the 
ammonium group ; it is broken up when heated with caustic 
alkali, the nitrogen being eliminated as trimethylamine. 


The constitution of betaine is confirmed by synthesis from chloracetic 
acid and trimethylamine, and from glycine and methyl iodide in presence 
of methyl alcohol and caustic alkali ; and it is possible that glycine and 
sarcosine are also internal anhydrides of this type. 

CHa,NMe3.0H CHa.NMeg.OH CH,C! 

CH2OH ^COOH *^COOH + NMea 

CHa-NHa + sMel CII.-NMCa, 

CO ,6 '^CO .6 


, CH2.NMe3.OH, . 

The corresponding aldehyde, muscanne, is 

a very poisonous crystalline substance which is found in toad- 
stools. 


It may be prepared cither by oxidising choline with nitric acid, or by 
hydrolysing the acetal which is formed synthetically from mono-chloracetal 
and trimethylamine (compare Aminoacetaldehyde, § ai8). 

CH(0Et)a.CHaa+NMe3^CH(0Et)a.CH2.NMe3Cl->CH0.CHaNMe3.0H, 


Although choline and betame are ianocuous, the - corre- 
sponding ethylene derivative, neurine, is as poisonous as the 
aldehyde muscarine ; it is noteworthy that very great physio- 
logical differences are produced by comparatively slight 
changes in atomic constitution. Neurine occurs in the 
brain, and is one of the ptomaines formed in the putrefaction 
of albumen ; it can also be made synthetically. 

Neurine or trimeihyl-vinyl-ammonium hydroxide, 
NMcs.OH, is a crystalline, powerfully basic substance. 

It is 'made from choline by the successive action of hydriodic acid and 
moist silver oxide, and in a similar manner from ethylene bromide and 
trimethylamine. 


CHaOH.CH3.NMe3.OH CH3I.CH3 Jfltfeal 


^ CH3K:HJJMea.0H. 


827 . The Amidines and Imino-ethers.— When acetamide hy- 
drochloride is heated in a sealed tube at 200°, it is parriaHy 
into the hydrochloride of a base, ace^nidine, 
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which may be regarded as acetamide* in which the oxygen is 
replaced by imidogen ; the same compound is formed by 
heafdng acetonitrile with ammonium chloride* 

2CH3.CONH2 +HCl->CH3.C(:NH).NH2.Ha -4-CH3.CN +NH3.HCI. 

Aceiamidinet CH3.C(:NH).NH2 (Strccker,-iSS7), is a highly 
alkaline liquid, which is easily hydrolysed to ammonia and 
aicetic acid ; it forms stable salts with acids, and even with 
nitrous acid, but does not yield a diazo-compound. 

The corresponding carbonic acid derivative, carbamidiiie, 
bears the same relation to urea, and is identical with the 
guamdine obtained by oxidising guanine ; it is best prepared 
by heating ammonium thiocyanate, the thiourea at first 
formed being resolved into guanidine thiocyanate and hydro- 
gen sulphide. 

2NH4.SCN 2CS{NH2)2 -> NH;C(NH2)2. HCNS +H2S. 

Guanidine is also formed synthetically by the action of ammonia on 
ethyl orthocarbonate, the tetramino- derivative which might be expected 
breaking up into ammonia and the amidine ; it is similarly produced by 
the direct union of cyanamide with ammonium chloride at 100“, in the 
same way as acetamidine from acetonitrile. 

C(0Et),jt->[C(NH,)h->NH:C(NH5.)^<-CN.NH3 + NHs.HCU 

Guanidine or carbamidinet NH:C(NH2)2 (Streckcr, 1861), is 
a very soluble, deliquescent, crystalline substance, which 
absorbs carbon dioxide freely, forming a crystalline carbonate ; 
it is thus a powerful base. Like carbamide, it forms salts with 
one equivalent of acid only. 

Guanidine is hydrolysed by baryta to ammonia and carbamide, and its 
constitution is confirmed by the above syntheses ; when digested with a 
mixture of concentrated nitric and sulphuric acids, it is converted into 
nitroguamdine (below). 

Acid amides are converted by phosphorus pentachloride 
into amidochlorides, very unstable substances, which readily 
lose hydrogen chloride and are converted into imino-chlorides. 
These also are unstable, and may be deprived of a second mole- 
cule of hydrogen chloride, yielding nitriles. Conversely the 
iraino-chlorides are formed by the union of nitriles with 
hydrogen chloride. 

These compounds are only definitely known in the aromatic: 
group, but there is little doubt that the dehydration of amides 
by phosphorus pentachloride, and the hydrolysis of niiiiles, 
are preceded by the formation of such imino-derivatives 
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CFI3.C0.NH, 

Agctaoiide 


Ac 


CHg.CCl2.NH2 

Acetaroidochloride 


'CH^C(OH};NH 

Labile w-acetaitiide 



CHa.CCl:NH 

Acetimino-cbloride > 


CHg.C(OH):NIC^ 

Potassium tf<^acetamide 


CHsClN 

Acetonitrile 


The esters of the iminochlorides are more stable substances, 
and can be prepared in the form of hydrochlorides by satur- 
ating alcohohc solutions of nitriles with hydrogen chloride. 

R.C|N+EtOH+HCl == R.C(OEt):NH,HCl 
Formimino-elher hydrochlondef H.C(OEt).NH,HGI, is a 
crystalline, deliquescent substance, which is prepared in this 
way from hydrogen cyanide. Acetimino-ethery CH3.C{OEtJ; 
KH, is a somewhat unstable liquid, which boils at 94®, and has 
a characteristic odour ; it is made by the action of potash on 
the hydrochloride. 


The analogous eihyl iminocarlomte, NH:C(OEt)2» a light liquid boiling 
at 140°, is formed quantitatively by the action of alcoholic sodium ethoxide 
on cyanogen chloride at —10°; at higher temperatures, or in presence of 
water, urethane and ethyl cyan urate ( § 208) are also formed, probably by 
hydrolysis of the intermediate chlorocarbimino-ether, CI.C(OEt):NH. 

aC:N + EtOH^CI.C(OEt):NH(+NaOBt)->OEt.C(OEt):NH 

I.— >[OH.C(OEt):NHj = COOEt-NHa. ' 


The imino-ethers are readily hydrolysed by the correspond- 
ing acids, wth elimination of ammonig^and alcohol ; and they 
are converted into the corresponding amidines by ammonia, 
the action being analogous to the conversion of esters into 
amides. 

CH3.C{OEt):NH+NH3==CH3.C(NH2):NH+EtOH. 

When guanidine is digested with a mixture of concentrated nitric and 
sulphuric acids, it Is converted into miroguantiime, NH:C(NH2).NH.N02, 
a crystalline substance melting at 230°, and on reducing this with zinc dust 
and acetic acid,’it is converted into amino-guanidine, NH:C(NH2).NH.NHa 
a highly basic -substance. Amino- guanidine is stable in acid solution, hut 
when set ^ee by alkali it is successively converted into semicarbazide or 
ammo-carbamide, and hydrazine or amino-ammonia, in the same way as 
guanidine is resolved into carbamide and ammonia itself (Thiele^ iSg's)* 

NH:C < > NHtC NH:C < *> CO 

rn +NHa.NHa 

Smicdt^i^idey NHg.CO.NH.NHa, a crystalline substance melting at 
i^ A reagent for aldehydes and ketones, with whidi It fom^ 
' ^ <fes tallme condensation*products, the smicariaxoHes* 
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carbaione, CMe2;N.NH.CO.NH2, melts at 187®, and acetoacetic ester semi- 
carbazonet C00Et.CH2-CMe:N.NH.C0.NH2» at 129*. 


228 . Creatine and Creatinine. — When cyanamide is heated 
with glycine it unites with it in the same way as with am- 
monia, forming a guanidine derivative. Glycoc'^amine or 


carhamidine-aceHc acid^ 


NH.C(;NH).NH 2 

CH2.COOH 


(Strecker, 1861), is 


a neutral, crystalline substance, which forms salts with both 
acids and bases ; it is readily oxidised to guanidine and oxalic 
acid, and is hydrolysed by baryta to urea and glycosine. 


Arginine or carbamidine-aminovalericacidt 


CH2.NH.C{;NH).NH3 

CH2.CH2.CH(NH2).C00H, 


a product of the hydrolysis of albumen, is a somewhat similar substance 
derived from ornithine ( § 221) ; it is resolved into guanidine and a-amino- 
valeric acid when, oxidised. 

On heating glycocyamine hydrochloride in a stream of hydrogen 
chloride at 100“ , it is dehydrated to an inter rial amide, glycocyamidinet 

NH:C^ ■ , a highly alkaline, deliquescent substance, which is 

much less easily hydrolysed than glycocyamine itself. 


NHa 

CH^.COOH 


+ CN.NHa-> 


NH.C(:NH).NHa-J'NHa 
CH2.COOH CHa.COCIl 


+ CO(NHJ.NIIg 




NIT. CO 
NH.CHa 


The ph3^iological products, creatine and creatinine, are the 
sarcosine derivatives of these compounds, and the former 
bears the same relation to guanidine as sarcosine to ammonia. 


Creatine is present in the muscle fluid of animals, and may be extracted 
from minced raw meat with cold water ; the solution is boiled to coagulate 
albumen, and the phosphates are precipitated with bartya ; on evaporating 
the filtrate the creatine crystallises out. 


Creatine or methylcarhamidine-acetic acid^ 


NMe.C(:NH).NH2 

CH2.COOH 


(Chevreul, 1834), is an almost neutral substance, having a 
somewhat bitter taste; it is freely soluble in warm water. 
It forms salts with acids, but is hydrolysed by alkalies to urea 
and sarcosine ; conversely, creatine can be synthesised, in a 
parallel manner to guanidine and glycocyamine, by heating 
cyanamide with sarcosine. 


NHMe NMe.C{:NH).NH2 NHMe 

. CH2.COOH ^Hg.COOH CH2.COOH 

Jmt as glycocyamine is dehydrated to glycocyamidine, 
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creatine is convertible into the corresponding compound, 
CTeatinine, by heating with dilute acids, whilst the reverse 
transformation is effected by dilute alkalies. i 

Creatmine, (Liebig, 1847), is a soluble crystaUine 

wbstance, which forms weU defined salts with acids, and liberates ammonia 
from amraoniiim salts. It is hydrolysed by baryta, not to sarcosine, but to 

mgthyhhydanioin, tbe methyl derivative of hydantoin or 

glycollyj urea; these complex amidines are therefore closely related to the 
natural urejdes. When boiled with mercuric oxide and watw, cxeatSiine 
IS hydrolytically oxidised to methylguanidine and oxalic acid. 

229, Synopsis.— The quaternary ammonium compounds 
corresponding with glycine and sarcosine form internal anhy- 
drides termed betaines, and are connected with quaternary 
amino-alcohols, aldehydes and ethylene derivatives, the latter 
of which are poisonous. The imino-ethers and amidines are 
esters and amides in which the carbonyl oxygen is replaced by 
an imino-group. The creatine of muscle is methylcarbamid- 
ine-acetic acid. 



CHAPTER XLI 


OXY-NITROGEN COMPOUNDS 

280. The Alkyl Nitrates and Nitrites, — Practically all alcohols 
form nitrates of the type of the glycerol and cellulose com- 
pounds. The methyl and ethyl compounds are formed by 
digesting the alcohols with concentrated nitric acid, to which 
urea has been added to remove nitrous acid (the least trace 
of this compound sets up explosive oxidation of the alcohol); 
the nitrate is purified by washing with water, and after 
drying in the usual way is distilled. 

The alkyl nitrates are heavy, insoluble liquids, having a 
pleasant odour. Like glycerol trinitrate, they are stable at 
ordinary temperatures, but when suddenly heated are liable 
to explode violently. Methyl nitrate, CH3.O.NO2, boils at 
65®, and ethyl nitrate, C2H5,0,N02 (Millon, 1843), at 87°. The 
constitution of these compounds is proved by their hydrolysis 
by ( 5 austic soda to the alcohol and sodium nitrate. 

In their general actions they behave like the alkyl halogen cotapounds, 
and are thus converted into the corresponding amines by ammonia. 
When digested with tin and hydrochloric acid the alkyl nitrates are hydro- 
lysed, the nitric acid being simultaneously reduced to hydroxylamine. 

CaHs.OH +:N0^.0H-^CaH5.0.N0a + H^O; 

C3H5 OH + NHaOH l*>C2Hi.NHa, HNO3. 

The corresponding nitrites are formed in a similar manner, 
either by passing nitrous gases into the alcohols, or by gener- 
ating nitrous acid in contact with them. 

Ethyl nitrite is thus made by adding a mixture of alcohol and dilute 
sulphuric acid to sodium nitrite solution ; the latter is placed in a tall 
cylinder, cooled in a freezing mixture, and the aeid mixture, which is 
similarly cooled, is slowly added through a thistle-funnel- reaching to the 
bottom ; the product eventually becomes semi-solid with sodium sulphate, 
whilst the insoluble ester rises to the surface ; it is washed with water and 
dried vuth potassium carbonate. Amyl nibiite is similarly prepared by 
adding ice-cold concentrated' sulphuric add drop by drop, with constant 
stirring, to ice-cold amyl alcohol in which powdered sodium nitrite is sus- 
pended ; the ester ris« to the surface on diluting the product with water* 
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The alkyl aitrites are light, volatile, insoluble liquids, having 
I a powerful, oppressive odour ; like the nitrates, they are 
^liable to explode when heated. Methyl nitrite, CH3.O.NO, 
boils at —12®, and is gaseous at ordinary temperatures. 
Bthyl nitrite, CaHs.O.NO, boils at 17®, and when dilute re- 
sembles* apples* in odour ; the crude product obtained by 
distilling alcohol with copper, nitre, and sulphuric acid (Kunkel, 
1 68 1 ), is used in medicine under the name of sweet spirit of 
nitre. Amyl nitrite, CsHn.O.KO, boils at 96®. The constitu- 
tion of the nitrites is proved by their hydrolysis by alkalies to 
the alcohol and alkali nitrite. 

C2H5.OH + NO.OH^C2H5.0.NO + H2O, 

231. The NitiO'Paraffins. — ^The higher alkyl iodides are con- 
vert^ into nitrites when heated with silver nitrite, but the 
lower iodides yield isomeric compounds, the nitro-paraffins. 
When ethyl iodide is heated in a reflux apparatus with dry 
silver nitrite, the product is not homogeneous, and on frac- 
tionation is resolved into about equal parts of ethyl nitrite, boil- 
ing at 17®, and the isomeric nitroethane boiling at 1 14®. With 
methyl iodide the nitro-compound is the exclusive product. 

The iodide is poured slowly down the condenser of a reflux apparatus 
containing the well-dried silver salt, and after the violent action has sub- 
sided the product is distilled from an oil-bath, and repeatedly redistilled 
over silver nitrite to remove the last traces of iodide. Nitro-methane is 
also conveniently obtained by boiling potassium chloracetate or brom* 
acetate with concentrated potassium nitrite solution, the transiently- 
formed nitfo-acetaie ( § 233) decomposing into thenitro-paraffin and carbon 
dioxide tootassium carbonate). 

CH3l+AgN0,->CH3.N0a<-CH2Cl.C00K + 

The higher nitro-compounds are prepared by nitrating 
the corresponding' paraffins. When w-hexane is heated with 
dilute nitric acid in a sealed tube at 140®, it is converted into 
/5>mtrohexane ; fi-heptane and w-octane also yield similar 
products (KonovaloS, 1894). The iso-paraffins are, easily 
nitrated by digestion with concentrated nitric and sulphuric 
acids (compare Nitrobenzene, § 246). 

. The normal paraffins are much less readily affected by this powerful 
nitrating agent ; «-hexane, however, after boiling for some days, is con- 
verted into a-nitrohexane, and «-heptane yields a similar product some- 
what more easily (Worstall, 1898). 

+ NO^.OH « CeH,^.NOa + 

The nitroparaffins are heavy, inert, insoluble liiqtii'ifa of 
high l)oiling-point ; they have fd^ant odour?, 
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volatile with steam, and like the isomeric nitrites, are some- 
what explosive. . Nitromethane, CH3.NO2 (Victor Meyer, 1872), 
boils at 101°, and niiroethane, C2H6.NO2, at 114°. a-Nitro’- 
hexane, CH3.[CH2]4.CH2N02, boils at 181° ; p^nitrohexane, 
CH3.[CH2]3.CH(N02).CH3,- which resembles aniseed in odour, 
boils at 176®. When pure, the nitro-paraffins are neutral, 
non-conducting liquids, having little chemical activity. 

In particular they are not affected by bromine water or nitrous acid, 
nor coloured by ferric chloride, and they do not form diazonium com- 
pounds {see § 232). They are converted into the corresponding primary 
amines by reducing agents, and the primary nitro -compounds, derived 
from the primary alcohols, are hydrolysed to the corresponding fatty acids 
by concentrated hydrochloric acid, the nitrogen being eliminated as 
hydroxylamine ; nitromethane thus yields methylamine and formic acid, 
and a-nitro -hexane gives a-hexylamine and n-caproic acid. 

R,CH,.NHa -e RXHj.NOa R.COOH +NH2OH. 

The reduction to amines shows that the nitrogen atoms are 
linked to the alkyl groups, and the general inertness of the 
nitro-compounds shows that they are essentially saturated 
compounds, and contain the saturated nitro-group, 


232. The Isonitro-Paraffins.— Although nitromethane is quite 
neutral, it is at once converted by alcoholic sodium ethoxide 
into a crystalline metallic derivative, the molecular formula 
of which is that of nitromethane in which one of the hydrogen 
atoms is replaced by sodium ; on carefully decomposing this 
sodium compound with dilute sulphuric acid the nitro-com- 
pound is to a certain extent recovered unchanged, although 
much is lost by hydrolysis. But if this decomposition be 
effected at a low temperature, the liberated nitro-comppund 
has temporarily quite different properties. 

It is now acid in character, and an electrolyte, it is coloured red by 
ferric chloride, it enters into combination with nitrous acid, forming a 
nitrolic 'acid J§ 234), and it at once combines with diazonium compounds 
(§258) at 0®. These properties, however, are quite transient, and the 
nitro-compoiind soon relapses into its normal inactivity. 

This remarkable change in properties is intelligible if a 
labile acid isomeride is temporarily formed, of which the 
sodium compound is the salt (Nef, 1894 ; compare Potassium 
Cyanide and Formonitrile, § 205), ^ 

SoMum isonitfomeikane, CHarNO.ONa, is a white crystalUne 
su^tanpe, which is converted by dilute acids at a low tempera- 
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ture into isiMtitromethane, CHjrNO.OH, an unstable Kquid 
which is rapidly isomeriscd to the stable or normal nitro- 
^ methane. * 

The presence of a hydroxyl group attached to one of a doubly-linked 
pair of atoms accounts both for the acidity and the unsaturated character 
of the compound (compare Acrylic Acid, 1 132}. Both nitromethaue and 
isonitromethane are dehydration products of methyl-nitroic wid, CH 3 . 
N0(0H)2 {Hantzsch, 1899) ; the iso-nitroparaffins and nitroic acids are too 
unstable to be definitely isolated, but analogous aromatic compounds 
have been prepared in the crystalline state (see Phenyl-nitromethane, 
1 281). . 

The conversion of nitromethane into sodium iso-nitromethane, in spite 
of its neutral character, is thus due to the transient formation of an addi- 
tive compound or niiroate which is at once dehydrated to the sodium salt 
of the iso-compound. - The hydrolysis of the nitro-paraffins to fatty acid 
and hydroxyiamine is explained by the formation and dehydration of 
analogous additive products ; the iso-nitroparaffins are not hydrolysed 
in this manner, for sodium iso-nitroethane yields aldehyde and nitrous 
oxide when quickly added to 20 per cent, sulphuric acid. 

R-CH^-NOa [R.CH 2 .HO(OH)(ONa)] -> R.CH:NO.ONa ; 
R.CH:NO.ONa->R.CH:NO.OH->[R.CH2.NO(OH)J-i-R.CH2.N02. 

All the primary and secondary nitro-paraffins (namely, those derived 
from the primary and secondary alcohols) form sodium derivatives, and 
labile iso-nitro-compounds, but the tertiary nitro- compounds, such as 
tertiary nitrobutane, CMe3.N02, do not do so, as there is no alkylic hydro- 
gen which can be eliminated as water (compare Hthyl methyl- ethyl-aceto- 
acetate, § r45). 

233. Complex Nitro-Compounds. — Dinitromethane, trinitro- 
metbane and tetranitroincthane bear the same relation to 
nitromethane as methylene chloride, chloroform and carbon 
tetrachloride to methyl cliloride, but unlike the halogen 
compounds, they cannot be prepared directly. 

Dinitromethane, CH2(N02)2, is a very unstable oil; its potassium 
derivative is formed by reducing dibromonitromethane, CBr2(N02)2» with 
potassium arsenite. The dibromo-compound is obtained by destructively 
nitrating such brominated compounds as dibroraolevulinic acid (§ iSi)- 
The metallic derivatives of dinitromethane are explosive ; they are salts 
ofihe acid isodinitromethane, CH(N02):N0.0H. 

Trinitromeihane or nitro form, CH(N02)3, is a crystaflisable, 
explosive oil ; its ammonium derivative is formed T?y simple 
hydrolysis, of trinitroacetonitrile, C(N02)3.CN, the resolution 
bei]% analogous to that of trichloracetit acid into chloroform 
ai^dxarbon dioxide. 

; G(N0a)3.CN+2H20=CH(N02)3+Ntf3+C0j 

Nitroform is immediately converted by alkalies into salts 
0l isonityoform, C(N02)2tN0.0H, or its hydrate, dinitrmethyl- 
ficid, CH(NOs) 3.NO(OH)2 ; this is a veiy stTOiQg icid 
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comparable with the mineral acids, as it is not entirely recon- 
vertible into the stable, neutral nitroform, even by concen- 
trated hydrochloric acid. Nitroform, like chloroform, is 
neutral substance, so that nitro-groups, like chlorine atoms, 
exert their powerful acidifying infiuence only on hydroxylic 
hydrogen, and have no influence on hydrogen atoms which 
are directly connected with carbon. 

Tetranitromeikane, C(N02)4, obtained by further, nitrating 
nitroform with fuming nitric and sulphuric acids, is a stable 
crystallisable Kquid which can be distilled unchanged ; it is 
quite neutral, and does not form salts, as it contains no hydro- 
gen (compare Tertiary Nitrobutane, § 232). It is hydrolysed 
by alcoholic potash to potassium isonitrofonn and ethyl 
nitrate. 

C{NO2)4+K.OEt-C(N02)2:NO.0K+N02.OEt. 

Th0 corresponding nitrochlorofom or chlorpicrtttf CCIa-NOj (Stenhouse, 
1848), a pungent heavy liquid boiling at 113®, is formed either by nitratmg 
chloroform or chlorinating nitromethane, but is most readily prepared by 
distilling a cream of picric acid (§295) and bleaching powder with steam; 
it is converted into guanidine by ammonia. 

Various other types of aliphatic nitro-compounds have been prepared. 
The nitro-aliphatic acids are too imstable to be isolated, but their esters 
are known. Ethyl nitracetaie, CH2{N02).COOEt (Lewkowitsch, 1880), 
a colourless liquid boiling at 152° or at gs°/io mm., is prepared either from 
ethyl iodacetate and silver nitrite, or by nitrating ethyl malonate ; in the 
latter case, ethyl nitromalomte is an intermediate product. Ethyl nitra- 
estate is converted into nitromethane by further hydrolysis. 

CH,(COOEt) J NOa.CHlCOOEt)^ ^ NO^.CHs.COOEt ^ NOa.CHg. 

234 . Oximes and Allied Compounds. — The formation of acetaldoxtme and 
acetoxime by condensation of aldehyde and acetone with hydroxylamine, 
and the conversion of the aldoxime into the corresponding nitrile have 
been already dealt with (§§ 85, 89). 

CH3.CH0+NHa.0H^CHg.CH:N.0H->CH3.CN, 

Aldoiimes are also formed by the action of nitrous acid on the methy 
ketones; acetone thus yields isonitrosoacetone. Isonitfoso-acetone or 
Pyroracemic aHoxime, CHg.CO.CHtN.OH, is a crystalline substance, 
melting at 65“, which is hydrolysed by hydrochloric acid in the normal 
manner to hydroxylamine and pyroracemic aldehyde. 

CHa.CO.CHa + NO.OH -> CHa-COXHiN.OH -> CH3.CO.CHO + NH3.OH. 

Substances which are both oximes and nitro*compounds are similarly 
formed by the action of nitrous acid on the alkali isonitro-paraffins ; 
nitrous acid has no action on the primary nitro-paraffins. Isonitroso- 
nitro-etkane or ethyl-niirolic acid, CH3.C(N02):N.0H {V. Meyer, 1875), is 
a colourless crystaUine substance, which from the influence of the nitro- 
group ^ the hydroxyl is distinctly acid in reaction ; in common with 
many mUro-TOmpoun^ it is sweet (compare Nitrobensene, § ^46). AI- 
thou]^ the acid ita^ is colourless, its alkali salts are deep crimson in 
colour (compMjgL^Wophenols, § 294)* 
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CH 3 .aia.NOa + NO.OH->CH 3 .C(N 02 ):N.OH->CHs,C(NOaJ:N.ONa 

By the action of nitrous acid on the secondary-alkyl nitro-compoun<fc, 
however, isomeric nitroso-nitro-compounds are formed j secondary propyl 
alcohol thus yields nitroso-nitro-propane» Propyl pseudo-nitfole or niirosA- 
nitro'propane, NO.CMe2.NO2 (V, Meyer, 1875), is a neutral crystaUine 
substance ; the acidifying influence of the nitro-group does not extend tc 
the methyl hydrogen, It is colourless when solid, but assumes a deep 
blue colour when melted, or dissolved in alcohol. 

CH3.CH(N02).CH3 + NO.OH->CH3.C(NO)(NOal.CH3. 

The nitro-compounds of tertiary alkyl radicals are not afiected by nit- 
rous acid, so that the class of an alcohol is readily determined by means 
of these reactions. The alcohol is converted into the iodide, the latter 
into the nitro-compound by boiling with silver nitrite ; and the nitro- 
compound is mixed, first with potash solution and potassium idtrite, and 
then with a little dilute sulphuric acid. If the alcohol is primary, a red 
colour is developed ; if it is secondary, a blue colour appears ; wl]^t if it 
is tfflrtiary, the product remains colourless (V. Meyer). 

235, Synopsis. — In addition to the alkyl nitrates and nitrites, 
in which the alkyl is linked to oxygen, there are various oxy- 
nitrogen compounds, such as the nitro- and nitroso-compoundSy 
and the oximes, in which the alkyl is directly linked to 
nitrogen. 
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CHj;CHiOH . 
ethyl 


^ ch3.ch8.o:no ^ 

etliyl nitrite 

light volatile liquid : 
characteristic odour 
(* 7 ‘) 


ethyl iodide 


AgNOj 


CHaCHr 


H 


isonitrotihaw 

acid ; very tinstablA 


^cids 


CH3.CH:NO.ONa 

sodium 

isonltroethane 

colourless crystals 



^ . 

CH3.CHs.NO2 
r nitroethane 

heavy liquid ; 
inert ; pleasant odour 
(iiV) 


CH3‘C(N02):N.0K 
ethyl- nitrolic acid 
colourless crystals, sweet ; 
alkali salts ctituson [8S”] 


CH3-CH0{-hN20)^CH3,C00H{+NH80H) 

acetaldehyde acetic acid 

(and hypoiiitrous acid) (and hydroxylamine) 
?( 



CHg.ChtN.OH ^ 
acetaldoxime 
crystalline [47^ (115*) 
•aiJile tiertoiiomcridt [ti*] 


> CH3.CITs.NH,-^ 
cthylamine 



CHAPTER XLII 


COMPOUNDS OF PHOSPHORUS, SULPHUR, METALS, 

236, The Phosphines. — The remaining elements of nitro- 
gen group form alkyl compounds, which are analogous to the 
amines, and bear much the same relation to them as the 
elements themselves to nitrogen. The tertiary phosphines, 
for example, are made by the interaction of the alkyl iodides 
with hydrogen phosphide or phosphonium iodide, in the 
same way as the amines ; and by the interaction of the zinc 
alkyls and phosphorus trichloride. 

PH3 + 3MeI=PMe3,HI +2HI. 

Trimethylphosphine, PMes (Hofmann, 1857), is an insoluble 
and highly refractive liquid, which boils at 42°, and has an 
extremely repulsive odour, except when very dilute. Like 
tiimethylamine, it readily combines with methyl iodide, 
forming an “ ammonium ” iodide. 

' Tetramethylphosphonium iodidSy P^Ie^.I, is a crystalline 
substance which resembles the corresponding nitrogen com- 
pound, and is similarly converted into a caustic hydroxide by 
moist silver oxide. ' . 

Tetramethylphosphonnm hy dr oxide, PMe4.0H, is a deh- 
quescent, crystalline, and highly alkaline solid, which, hke tiie 
ammonium compound, forms well defined salts with acids, 
precipitates metallic hydroxides, and expels ammonia from 
its salts. The tetramethylphosphonium radical, like the 
corresponding nitrogen • derivative, thus simulates the alkali 
metals. , 

The primary and secondary phosphines are formed by a special method, 
by the action of the alkyl iodides on phosphonium iodide in ftfesence "of 
zinc oxide, but resemble the tertiary compounds in character. 

Methyl phosphine, Me.PH2 (Hofmann, rSyi), is a spontaneously in* 
flammable gas„,-^densing at - 14®, and dimethyl phosphine, PHMe2, is a 
similar boiling at 25®. Both, like the tertiary base;- forin' phbs- 

plkmiui& acids, but their ba^eity is not so pronounced a# that 

T 20a 
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of the amines ; they are Insoluble in water also, and on acoount of the 
greater readiness of phosphorus to assume the pentavalent condition are 
easily oxidMed. The tertiary corapoimds behave in fact like vlivalent 
met^, forming addjjive oxides, chlorides, sulphides, etc. 

237. The Arsines, Stihlnes, and Blsmuthines. — ^The primary 
and secondary alkyl derivatives of the higher members of 
the nitrogen group are scarcely known, but the tertiary and 
quaternary compounds resemble those of nitrogen. and phos- 
phorus ; the tertiary arsenic compound is formed by the 
interaction of zinc methyl and arsenious chloride, or of sodium 
arsehide and methyl iodide. 

' Trimethylafsine, AsMcs (Hofmann, 1855), is a colourless 
insoluble liquid, which boils at 200°, and is very repulsive in 
odour. It combines with methyl iodide in the same way 'as 
the amine and phosphine, forming a crystalline Utramethyl- 
arsonium iodide, AslV[e4.I, which is similarly convertible into 
a caustic tetramethylarsonium hydroxide, AsMe4.0H. On the 
other hand, it does not form salts with acids, and its tendency 
to behave as a divalent metallic radical, and form additive 
compounds with chlorine, etc., is much more marked than 
with the phosphine. 

The dimethyl- arsine radical, cacodyl, plays the part of an alkali 
metal, and may be considered as an Organic analogue of the electro- 
positive elements (Bunsen, 1843), Its oxide is formed by dry-distilling 
white arsenic with sodium acetate. 

4CH3.COONa + As^Og (AsMe^l^O + 2Na,C03 -h 2CO,. 

Cacodyl oxide, {AsMe2)20 (Cadet, 1760}, is a colourless liquid, boiling at 
j6o°, and having a most objectionable odour (xa/coST^s). In, its chemical 
actions it is intermediate to the alkali and alkyl oxides. On the one hand 
it is converted by hydrochloric acid into cacodyl chloride, AsMe2.Cl, a 
liquid which boils at 100®, but resembles the alkali chlorides in forming 
a sparingly soluble platinichloride ; cai the other hand by heating with 
zinc dust it is converted into (di)cacodyl, in the same way as methyl 
iodide into dimethyl. 

Cacodyl, As2(CHa)4 (Bunsen, 1842), is a colourless, insoluble and spon- 
taneously inflammable -liquid, which boils at 170”, and freezes at — 6^ 
Like the oxide and other compounds its odour is very repulsive. 

In the antimony and bismuth compounds, which are formed 
in the same way as those of arsenic, the pseudo-bivalent 
character of the radicals is more pronounced, and there is a 
still greater tendency to form additive compounds with the 
negative elements rather than with acids. 

TfimethyUtibine, SbMcs, is a liquid, which on the one hand 
is cdhVertible into tetramethylstiboniunt iodide, SbMei.I, and 
A caustic teir&meihylsiibonium ‘hydroxide, SbMe^.OH^ whilst 
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on the other hand, its metallic character is so mark^, 
expels hydrogen from hydrochlorio acid, in the same "vyay as a 
bivalent metal, such as zinc. - m 

SbMe3+2Hei=?SbMe3.Cl3+^V 

Triniethylbismuthinef BiMes, the highest member oi the 
nitrogen-Edkyl series, corresponding with the unknown 1^- 
muth trihydride, is a very unstable liquid, which explodes 
when heated. It does not appear to combine directly with 
oxygen or chlorine, nor does it form quaternary compounds 
with alkyl iodides ; in its behaviour with acids, it resembles 
the metallic alkyl compounds, being resolved into a bismuth 
salt and methane. 

« 238. The Hetallie and other All^yl Compounds. — Most oi^^e 

elements form alkyl compounds.* The silicon derivativea are 
of especial interest, as they closely resemble the ^pars^ns, 
silicon being the element most closely allied to carbon. Silicon 
tetrethyl is made by heating silicon chloride with zinc ethyl 
in an inert atmosphere, and fractionating the product. 

Sili^xn tetrethyl or siliconomnet Si(C2H5)4 (Friedd, 1865), is a light, 
spontaneously inflammable liquid, which boils ‘at 160°, and resembles 
light petroleum in odour- Apart from its ready oxidability it closely 
resembles nonane in its chemical actions ; it is stable towards nitric acid, 
however, and is converted by chlorine into a substitution product, silico. 
nonyl chloride, SLEt3.C2H4Cl, a liquid which boils at 185®, and resembles 
the alkyl chlorides. This, when boiled with potassium acetate solution, 
is converted into the corresponding acetate, SiEt3.C2H4.OAc, a liquid 
boiling at 214®, which is resolved by alkaligs in the normal manner, into 
acetic acid and the corresponding alcohol. Silicononyl alcohol, SiEts- 
C2H4.OH, is a liquid of camphor odour, which boils at 190®, and Uke the 
purely carbon alcohols is converted by sodium into a solid sodium alkyl- 
oxide. f 

SiCl^ 4 2ZDHt3 SiEt^ SiEt3.C2H4.CJ SiEt3.CsH4.OH. 

Silicon thus resembles carbon in its power of binding carbon 
atoms to stable aggregates, but its power of combining with 
itself is very limited ; the longest silicon ** chain ” at Resent 
known contains but three silicon atoms. 

The less basic metals, such as tin and lead, share this power 
to a certain extent, and thus distantly resemble the nitrogen 
elements in their combinations, but as the more positive 
metals are approached, and the qxidability of the, alkyl 
compounds becomes more marked, their power of forming 
** ammonium ” hydroxides decreases. 


* For lodonium and Ox<»iium comp<randa fee {f 264^40^ 
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quaternary iodides of silicon, tin and 
leidi namely those in which the nucleal atom is united to 
four difierent gioups, are resolvable into optically active 
isomerides by the camphorsulphonic method (Pope, 1900). 

Tin ieirethyl, SnEt4 (Ladenburg, 1872), is a liquid of pleasant 
odour, which boils at 18 1'*, and is not spontaneously inflam- 
mable. It is converted by hydrochloric acid into ethane and 
iriethylstannic chloride, .SnEts.Cl, and this by caustic alkalies 
into the corresponding hydroxide ; iriethylstannic hydroxide, 
SnEts.OH, is an alkali resembling the ammonium hydroxides, 
but is less soluble and energetic. Lead and mercury form 
similar derivatives ; ethylmercuric hydroxide, HgEt.OH, is a 
viscid, alkaline, and exceedingly poisonous liquid, which forms ‘ 
stable salts with acids. 

The alkyl compounds of the highly positive metals do not 
form such hydroxides. Zinc methyl, ZnMe2 ( § 9 1 ) is hydrolysed 
to methane and zinc oxide even by water, and the analogous 
aluminium trimethyl, AlMe^, and magnesium diethyl, MgEt2, 
behave in a similar manner. 

The alkyl compounds of the alkali metals are not known in 
a pure state. Sodium methyl, NaMe, appears to be formed 
when sodium is digested with zinc methyl, for metallic zinc is. 
precipitated, and the resulting liquid absorbs carbon dioxide, 
forming sodium acetate (Wanklyn, 1858). 

CHs-Na + CO 2 = CH3.C02Na. 

The valency of the various metals follows from the vapour 
density of these volatile alkyl derivatives ; it was their dis- 
covery which gave rise to this idea (E. FranklaniJJ). 

239 , The Sulphides and Sulphonlum Compounds. — When ethyl 
bronude is boiled with potassium hydrosulphide solution, it 
is converted into ethyl hydrosulphide, the action being pre- 
cisely parallel to the hydrolysis of the bromide by caustic soda. 

EtBr -f KSH = Et.SH + KBr. 

The sulphide is best prepared by distilling ethyl sodium sulphate with 
a solution of caustic soda which has been, saturated with sulphuretted 
hydrogen. The product passes over with the steam and forms an oily 
layer on the water. It is purified by shaking with mercury, with which 
it forms^ a crystalline compound, and decomposing the washed and dried 
crystals with hydrogen sulphide. 

Ethyl hydrosulphide or mercaptan,* (Zeise, 1834), 

is a %ht, iiisoluble liquid, boiling at 36®. Its odour resembles 

^ Mercurium captans. 
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that of garlic, but is mote offensive. The hydrog^'bf the 
hydrosulphyl group is replaceable by metals, like that of 
hydroxyl, but the compounds thus formed, such as mercery 
mercaptide, Hg{SEt)2, are much more stable than the metallic 
alkyl oxides. i 

The constitution of mercaptan follows from the mode of its preparation, 
and is confirmed by its formation from alcohol by the action of phosphorus 
pentasulphide. The homologous alkyl compounds are similar liquids. 

CoHs-NaSO; + NaSH CaHa.OH. 

The sulphide corresponding with mercaptan is formed by 
heating ether with phosphorus pentasulphide, or ethyl bromide 
with alcoholic potassium sulphide. Ethyl sulphide y Et2S; a 
liquid which resembles mercaptan physically, but boils at 91®. 

The corresponding allyl sulphide, (€3115)25, made in a similar mmmer 
from allyl iodide, is, as already mentioned, identical with oil of garlic. 
Methyl ethyl sulphide, MeEtS, from sodium mercaptide and methyl 
iodide, boils at 77°. More complex sulphides are also known. Thus by 
the oxidation of mercaptan with iodine, ethyl disulphide, £1282, is formed, 
and by the interaction of mercaptan with the aldehydes and ketones, 
compounds termed mercaptals and mercaptolsare obtained, which 
are sulphur analogues of the acetals. Eihylidene mercaptal, CH3.CH(SEt)2, 
is an oily liquid, boiling at 186®. 

Bivalent sulphur resembles oxygen in its combinations. 
Quadrivalent sulphur on the other hand behaves in the same 
way as the elements of the nitrogen series, and forms com- 
pounds akin to those of the phosphonium group. Ethyl 
sulphide combines with ethyl iodide, forming an ** ammo- 
nium " iodide, which is converted by caustic alkalies into 
an alkaline hydroxide. 

SEtg + EtI -> SEtg.I SEtg.OH. 

TriethylstUphonium iodide, SEtgl, is a crystalline substance, 
which resembles the corresponding compounds of the phos- 
phorus group. TriethylstUphonium hydroxide, SEtg.OH, is a 
deliquescent crystalline substance, which forms salts with 
acids, expels ammonia from its salts, absorbs carbon diojtide, 
behaves in every respect as an alkali. Thus even sul- 
phur is converted into a positive radical by alkyl. 

The alkyl sulphides combine additivdy with bromacetic acid, forming 
sulphonium bromides. These yield anhydrides when hydrolysed 
with mojst silvCT oxide, whidi resemble betaine in constitution, and 
are hence termed thetines* (Crum Brown, 1873); they are 
ayatidliim substances having feeble basic properti^. - ^ 

^ ^-1 ^ ^ 


• Thiobetalnea. 


24?3t] Compounds of Phosphorus, Sulphur, Metals 311 

, f r’^eaS +CHaBr.COOH -i- SMeaBr.CHa.COOH -»■ SMca.CHa.CO.O 

' I I 

DimetJq’IfheliOe ?>roinide Dimethylthetine 

‘ ethyl ihetine bromide, SMeEtBr.CH2.COOH, a deliquescent, 

acid substance made from tnethyi ethyl sulphide and 
bromacetic acid, contains asymmetrical sulphur ; the corresponding 
methyl ethyl theiine d-camphorsulphonate, made by digesting it with the 
silver camphorsulphonate (§ 341), is resolvable by prolonged fractional 
crystallisation into stereoisomcric forms (Pope,' 1900). d-Methyl ethyl 
thetine platinichlofide, (SMeEtCI.CH.COOH)2,PtCIi, obtained from the 
corresponding sulphonate by precipitation with platinum chloride, is 
dextrogyrate; the optical activity is due to the asymmetry of the 
molecule with regard to the quadrivalent sulphur atom. 

240 . Tlie Sulphonie Acids and Sulphones, — Mercaptan is 
readily oxidised by nitric acid to a derivative of sulphurous 
acid. Ethylsulphonic acid, C2H5.SO2.OH (Lowig, 1840), is a 
viscid, difficultly crystalKsable, and acid liquid. 

It is converted by phosphorus pentachloride into a. sulphonie chloride, 
C2H5.SO2CI, so that its molecule contains hydroxyl, but it is reduced to 
mercaptan by zinc and hydrochloric acid, so that the sulphur is linked to 
ethyl. By the action of sodium cthoxide, the chloride is converted into 
the corresponding ester, ethyl ethyhsulphonate. 

^ CJ^s.SO^OII CJI.PO,Cl - 5 - Ci,H:..SOaOEt. 

Ethyl eihylsulphonate, C2H5.SO2.OEt, a liquid boiling at 213°, is also 
made by digesting silver sulphite with ethyl iodidfe. That only one of the 
ethyl radicals is in “ester” combination is confirmed by the hydrolysis of 
the ester to alcohol and ethyl-sulphonic acid by alkalies. It would appear to 
follow, therefore, that the metallic sulphites are unsymrnetrical compounds, 
and that one of the metallic atoms is directly linked to sulphur (compare, 
however, Nitro- compounds and Cyanides; §§ 231, 204). 

Ag.SO2.OAg -> Et.SO2.OEt Et.SO2.OH + Et.OH. 

The corresponding symmetrical sulphites are formed by the action of 
sulphury! chloride on the alcohols. Ethyl sulphite, SO(OEt)2, is a liquid of 
peppermint odour, which boils at 161°, and is hydrolysed by caustic soda 
to alcohol and sodiiim sulphite. 

SOCI2 + sEtOH SO(OEt )2 -» Na^SOa + aEt.OH. 

When' ethyl sulphide is oxidised with nitric acid, it is con- 
verted into crystalline oxidation products, ethyl sulphoxide, 
Et2S6, and ethyl sulphone, Et2S02.* Similar compounds are 
formed by the oxidation of the mercaptals and mercaptols, 
and the product sulphonal, thus obtained from acetone mer- 
captbl, is of technical importance ; ’ the mercaptol is simply 
tested with permanganate solution, 

CH3.CO.CH3 ->^CH3.C(SEt)2.CH3 ->CH3.C(S02.Et)2.GH8. 

CMe^tSOj-Etlg (Baumann, 1886), is a sparing 



312 OrganicChemstry [241 

soluble crystalline substance, which melts at i62^^ ahd is used 
instead of chloral as a hypnotic. 

Although most of the proteins are sulphur compounds, 
comparatively few natural organic sulphur derivatives have 
been isolated. One of the chief of these is taurine, a neutral 
aminoid substance, which is obtained by hydrolysis of the 
"^taurocholic acid of ox-bile. 

Taurine or amino-isethionic acidj CH2(llH2).CH2.SOyOH 
(Gmelin, 1824),, is a crystaUine substance, melting at 240^ 
Like glycine, it is indifierent to alkalies and acids, ^nd that 
it is a primary amine is proved by its conversion by nitrous 
acid into the corresponding hydroxy-compound, isethionic 
acid, with elimination of nitrogen. 

Isethionic acid, CH20H.CH2-S020H, is a viscid liquid which crystallises 
only with difficulty ; it can be made synthetically by dissolving sulphuric 
anhydride in well cooled alcohol, and also from synthetic taurine. 

C2H5.OH + SO3 - CHaOH.CH2.SO2.OH. 

Taurme can be synthesised from ethylene. By the interaction of ethy 
lene chlorhydrin with potassium sulphite, potassium isethionaie is formed, 
and this is converted by phosphorus pentachloride mto chloreihyl'Sulphonic 
chloride. This substance, like chloracetyl chloride, is only partially 
hydrolysed by cold water, the alkylic chlorine remaining untouched, and 
the chhro-suiphonic acid thus obtained is converted by ammonia into the 
amino-acid, taurine, the constitution of which is thus demonstrated 
(Kolbe. 1862). 

CH 30 H,CH 2 C 1 -> CHaOH.CHa.SOaOk -> CHaClCHa-SOaCl 

f— ' 

CH^Cl.CHj.SOsOH -> CH2(NH2).CH2.SOaOH. 

241 . Synopsis. — Phosphorus and the other elements of the 
nitrogen group form alkyl derivatives, which resemble the 
amines and ammonium compounds, but are progressively less 
stable. Most of the elements form such compounds. The 
sulphur alkyl derivatives are oxidisable to stable sulphbnes 
and sulphonic acids, which are derivatives of sulphurous 
acid in which the alkyl is linked directly to sulphur. 



PART III 


Aromatic or Ring Compounds 

SECTION XI 

BENZENE AND THE PHENYL RADICAL 

CHAPTER XLIII 

BENZENE AND ITS SUBSTITUTION . PRODUCTS 

242. The. Benzenoid Group ol Compounds, — Although the 
compounds considered in the preceding sections are derived 
from the parafi&ns and related hydrocarbons, and can in 
many cases be made from them, the processes are rarely 
economical, and, as a rule, are both wasteful and tedious. 

A very large and important group has now to be dealt with, 
the members of which are not only derived from the corre- 
sponding hydrocarbons, but in the majority of cases are most 
conveniently and economically made from them • most of the 
organic drugs and dye-stuffs are members of this group, 
which, Owii^ to its technical importance and ease of manipula- 
tion, has been more studied than any other. 

The earlier known, naturally occurring members of the 
group were classed together as the aromatic com- 
pounds, because of their fragrant, aromatic odour, and 
further investigation showed that the apparently empirical 
classification was justifiable chemically. These compounds 
are more or less complex derivatives ^f a single hydrocarbon, 
benzene, and constitute the benzenoid group of com- 
pounds (Kekule, 1865);. they are made either from benzene 
itself, or substances closely related to it. 

248. Sepuratlon of Benzene from Coal-Tar. — Benzene was first 
found, together with butylenes (§ 106), in the liquid wWch 
condenses froin compressed oil-gas (Faraday; 1825); ite 
present name being derived Irom that of benzoic add (§ 267}, 

-313 
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from which it is readily prepared (Mitscherlich, 1867).' 'ilt'K 
also made synthetically by passing acetylene through^a Jred- 
hot tube (Berthelot, 1870), and is present in American petio!* 
leum. 

The chief source of benzene is coal-tar, the black, viscous 
liquid wliich is obtained on distilling coal (Mansfield, 1848); 
coal-gas contains methane and ethylene, and it is probable 
that the more complex hydrocarbon is here also formed 
synthetically, by the action of the red-hot retort walls on these 
simple hydrocarbons. • - 


Coal-tar is a, complex mixture containing many valuable products— 
benzene and homologous hydrocarbons ; phenols (§ 254) and solid hydro- 
carbons* such as naphthalene ( § 369) and. anthracene ( § 375) J these are 
roughly separated on a manufacturing scale by a single fractionEd distilla- 
tion from large iron stills. The head fraction, distilUng below 150® con-' 
skts principally of benzene and its hear horaologues ; it c<xistitutes about 
l|.per cent, of the tar,: and a termed light oil, as it floats bn wator. 

Tq> isolate the benzene, the crude oil is shaken with cfmeentrated sul^ 
phuric acid to remove olefines and thiophene (§ 406), and basic impunities 
such as pyridine (§387). Phenols are dissolved out by shaking , with 
caustic soda and the dried liquid is fractionated in a column apparatus ; 
the fraction 80-110“ contains 65 to 75 per cent, of benzene, whilst the 
higher fractions consist principally of hom<dogbus hydrocarbons — toluene, 
the xylenes, etc. After further fractionation, and heating with alcoholic 
potash, DE saturating with moist ammonia, gas, to remove carbon disul- 
phide, the dried, rectified benzene is purified from toluene and paraffins 
by freezing, as in the purification of acetic acid. 


- Benzene^ QHg (Faraday, 1825), is a mobile liquid, baving a 
pleasant .characteristic odour; it freezes at 5°, boils at. 80°, 
and has a specific gravity of o’ 874 at 20°. Benzene is insoluble 
in water, but miscible with alcohol and ether in all .proportions, 
aiid like ether dissolves, fats, resins, phosphorus^ etc.; ‘it is 
very inflammable, and burns with a luminous, smoky 
. Pure benzene does not darken cold concentrated sulphuric 
ac|d, nor immediately decolorise a drop pf bromine W£|.ter»,nor 
does it reduce cold alkaline permanganate • in these reg)ep“te it 
differs markedly from the olefines (§ 104). 

244, The Bromohenzenes. — Benzene is a very stable substance ; 
be boiled with oxidising mixtures, such as chromic acid 
permanganate, without being appreciably decomposed, 
this respect is practically as stable as the parens, 
other hand, it is much more readily chlorinated and 
IWMttated, and under certain conditions is also rhj)idly 
atta^d by sulphuric and nitric acids (compare §§ 78,'23i)v 
rWheuit is warmed with bromine in a reflux apparaid^pr^ 
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^erably in presence of a carrier (§114), hydrogen bromide is 
evolved in large quantities and bromo-substiriition products 
are formed. 

Cg-Hg 4- Brg = CgHgBr + HBr ; 

• CgHgBr 4" Br 2 — CQH^Br 2 4* HBr j 

etc. etc. 

^ ia all such cases, the operation is much accelerated by the presence 
of the carrier — iodine, aluininium chloride, or iron filings {ferric bromide) ; 
and as in this case the action, is apt to be violent, the bromine should be 
adddd gradually, preferably from a tap -funnel at the upper end of the 
condenser ; the hydrogen bromide is collected in a water-trap (Fig. i8, 
§ II4)* 



Fig. 21 . — Distillation with Steam. 


As soon as the bromine vapour disappears from the flask, the product 
is washed with water and dilute alkali and then distilled with steam 
Fig. 2i). Scune unchanged benzene first passes over, but as soon as the 
oily drops sink to the bottom of the water, the distillate is collected apart ; 
towards the end of the distillation crystals of dibromobenzene appear in 
the condenser. The heavy bromobenzene is then separated from the 
supa:nat3uit water, and fractionated ; the minute quantity of dissolved 
watOT p^ses over with the first fraction of the distillate, rendering 
it ttbbid; whfist the l^t fractions contain dibromobenzenes, etc. 
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The soKd dibromo-compoimd is pjirified by rec^t^lis^i^ jfe?® 
'alcohol The product from the latter p^t of the steam d^lill^tiQ^ls 
disserved in hot alcohol, 'and the solution cautiously diluted with hot., 
water until it is slightly but pennanently turbid. , It is then filter<^, 
either through a hot funnel, or a pleated ” filter in a neckless fining ; 
the dibromobeazene crystallises out quickly as the solution cools, and 
is dried on a porous plate. . 

Bromobemene, CgHsEr (Couper, 1857), is a heavy, coiou^^, 
insolubl^quid, which boils at 157°, and has a specific gravity 
of 1-52 at 0°; its odour is aromatic and pleasant (compare 
§ 280).. (ji^ 3 {X 3 ,-)Dibromohenzene, QHiBrg, is a colourlesSr crys- 
talline solid, wMch melts at 89'’ and boils at 219°. 

Hexabromobenzene, CgBrg, a crystalline substance melting at about 
315®, is similarly obtained when a large excess of bromjne is employed ; 
and various tri- teira- and pentabromobenzenes can also be prepared. 

Although formed from benzene in the same way as ethyl 
chloride, etc., from ethane, the bromobenzenes difier mark^ly 
from the corresponding parafiinoid compounds in that tfceir 
halogen is much less active ; boUing alkalies do not afet 
them (§ .22), and they remain unchanged when heated with 
alcohp^c ammonia {§ 58) ; potassium cyanide does not dis- 
place their halogen (§ 63^, nor is this withdrawn by boding with 
silver acetate {§ 45). 

On the othCT h^d, the aromatic haloids are slowly reduc?^ to the 
hydrocarbon when their alcoholic solution is digestedwith sodium amal- 
gam; and the halogen is removed from bromobenz^e by boiling with 
sodium, . when a complex hydrocarbon, diphenyl, is formed, as ,in the 
synthesis of butmie from ethyl iodide (§ 78). bike the halogen alkyl 
compounds, bromobenzene also combines directly with metallic magnesium, 
preferably in presence of ethyl or amyl ether, forming magnesium phenyl 
!>fowt(i«,CeH5.MgBr,a compoundof considerable importance in synthesis. 

245. Other Halogen Benzenes : Benzene Hexaehloride.— The 
chloro-derivatives corresponding with the bromobenzenes can 
be made in a similar manner. Cklorobenzenet CgHsCl, which 
boils at 132°, is an aromatic liquid resembling bromobenzene. 
^Spme of the iodb-compounds can also be formed by direct substitution, 
proviM.Umt iodic acid is present to oxidise the resulting todrogen 
iodide ; . these compounds, however, together with fluorobeoi^e, 
more conveniently made through aniline, by the diazonium iifteraction 
(§ 260). CeH5F, boils at 86® ; iodobenzenefCohl^Xt &i 1S8®.. 

Benzene thus behaves with the halogens under ordinary 
in the same wa^y as the paraffins, that is tp say, 
^ 4 sainirated compound; the only difierence ,of 
is, that the various substitutions are 
the products correspondingly 
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. Uiujer. special conditions, boweyer,' it is capable pf acting as an 
byd^>catbon, fc^mling additive compounds such as benzene 
hexachloride. . ^ 

When chlorine saturated with benzene vapour is exposed to direct 
sunlight, the walls of the vessel become coated with a crystalline additive 
compound. The same compound is readily, obtained by passing chlorine 
into I per cent, caustic soda, on which the benzene is floating ; it is purified 
by distillation with steam. In this’ respect benzene resembles the un. 
s^mated hydrocarbons. 

C^Ha + aQa-fCaH^Cl,. 

Binzew hexctchloridi, CgllgClg (Faraday, 1825), is a crystalline sub- 
stmice, melting at j57° ; although formed in the same way as the additive 
(define and acetylene chlorides it is much less stable,' and is readUy re- 
solved hy heat into hydrogen chloride and trichlorobenzene. 

CgH.Cle -e C^Hb •> C.R^CIb. 

I t 



Fig. 22.— Distillation of liquid of high iJoiling Foiiii, 


846, Hitrobeniene, — The action of nitric acid on benzene is 
similat to that of the halogens, various substitution products 
being formed according to the experimental Conditions; 
the |||nonitrO'derivative is easily made by slowly pouring a 
cold nnxture of concentrated nitric and sulphuric acids, with 
constant agitation, into cold benzene. 

CgHg 4 * NO3.OH = CgH5.NP2 + HjC 

Much heat is evolved, and the temperature must not be aliowed^o Ac 
above { on th^ other hand, the liquid should not be kept too cool, 
or thtflfetioa may not take place at all. The brown, oily produ<^ is 
the acid mixture on a wat^-bath Ux hsdf an hour ; after well 
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ail oily liquid which boils at 246° under ordinary ^r^Ute» 
and frizes to a crystalline solid, melting at 14®; its qckiuf is 
pungent and unpleasant. When boiled with water,' it |s 
slowly hydrolysed to the acid. ; 


CeHfi.SOaCl+H^O = CgHg.SOj.OH +Ha 


Wh^ benzenesulphonic chloride is rubbed in a mortar with excess of 
powdered dftunoaium carbonate, it* is converted into the corresponding 
amide ; after the violent action has subsided, the cooled product is washed 
with cold water, and recrystallised from hot alcohol (see Dibromobenzene, 
§344)- * . 

Benzfinesulphonamide, CeH5.S02-NH2 {Gerhardt, 1852), is a well de- . 
fined, easily crystallised substance, melting at 150”. On account of th# 
strongly acidic character of the benzenesulphonic radical, it is soluble in 
alkalies, but as a true amide it is hydrolysed to ammonia and the sodhim 
salt of the acid when boiled with caustic soda solution. 


C6H5.S02a CeH 5 .SO 2 .NHa ^ CeHj.SOa.ONa+NHa. 

That the sulphur in these sulphonic derivatives is directly linked to 
carbon, is confirmed by the reduction of the chloride by sodium amalgam 
to phenyl mercaptan (§ 256), and by the re -oxidation of this substance 
to the sulphonic acid by nitric acid. . ‘ 

C«H5.S0'0H^CsHj..S0,C1->C«H,SH 

4 I 

Although benzenesulphonic acid is stable towards aqueous 
alkalies, it is readily hydrolysed to the hydrocarbon in acid 
solution ; the sulphonic acad or salt is dissolved in a consider- 
able excess of concentrated sulphuric acid, and leading 
steam into the heated solution, benzene distils ovfer (Arm- 
strong, 1884). By taking advantage of this decomposition, 
benzene and its homologues may be separated from olefines 
and paraffins. 

When potassium or sodium benzenesulphonate is fused 
mth caustic potash, it is hydrolysed to phenol (§255), a 
hydroxy-derivative of benzene. 

CgHg.OH + KjSOg ^ C6H5.SO2.OH CgHg -f K^SO^, 

248. synopsis. — The hydrocarbon benzene is formed by the 
action of heat on gaseous hydrocarbons, and thus in, the dis- 
tillation of coal. It resembles the parapns in statu^ty, and 
in its action with halogens, but differs &om them in readily 
forming substitution products with nitric and sulphu^^b acid 
at ordinary temperatures. It also resembles the olefines in 
forming additive products with halogens,, but tfies^i 
the olefine additiye compounds, are /unstable. 



BENZENE AND ITS DIRECT SUBSTITUTION-PRqDUCTS. 




CHAPTER XLIV 

ANILINE 

249 . Aniline. — When indigo is distilled alone, or .with caustic 
potash, an oily basic liq^uid passes over, which is t^np^d 
aniline, from the Portuguese name of the dye — anil (Unver- 
dorben, 1826). The same base occurs in coal-tar, from which 
it may be extracted by shaking with dilute acids, with which it 
forms well defined, crystalline salts (Runge, 1834). 

Aniline is best prepared by reducing nitrobenzene; the 
reduction was first effected by means of ammonium sulphide 
(Zinin, 1842, § 293), but is more conveniently brought about 
with tin and hydrochloric acid (Beilstein, 1S64), or commer- 
cially, with hydrochloric acid and scrap iron. The products 
from the three sources are identical (Hofmann, 1844). . 
aCgHg.NOa + 3Sa + 14HCI = 

(C6H5.NH2.HCl)2.Sna^,2H20 + 2Sna4 -1- 2nfi. 

In the laboratory method, concentrated hydrochloric acid is cautiously 
poured down the condenser of a reflux apparatus containing the nitro- 
benzene and granulated tin, and after the brisk action has subsided, the 
liquid is boiled until the odour of the nitro-compound has disappeared.. 
The base may be crystallised from the product at this stage in combina- 
tion with hydrochloric acid and stannic chloride, but is best set free by 
excess of' concentrated caustic soda, of which a large quantity is required. 

. ,^e*oily aniline in part rises to the surface, but much remains emulsi- 
fied in the alkaline liquid ; the product is therefore distiffgd with steam, 
.the base being extracted with ether from the turbid distillate. The 
ethereal solution, dried with solid caustic soda, is then fractionated-, first 
from a water-bath (Fig. 23) and finally over a flame. On a manufacturing 
scale, the aniline, which is used in large quantities in the preparation of 
dyes, drugs, etc., is liberated by addition of milk of lime. 

Nitrobenzene may also be reduced by electrolysing its solution in. alco- 
holic sulphuric acid ; aniline is formed at the kathode, togetharwith other 
produCtt (|j 263, 3S0). 

AmiHe or aminohenzenei CgHg.NHj (Unverdorben, 18^6), is 
^ Cf^urless, highly refractive liquid, which sooa 
air, firom .^iddation; it boils at 184°, fredies to a 
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solid, melting at - 8®, 
and has a specific grav- 
ity of 1-026 at 16°; it 
is sparingly soluble in 
water, but freely in 
organic solvents and in 
acids, and its odour is 
faint, but characteristic, 
resembling that of gas 
lime. Aniline is some- 
what poisonous. 

In its chemical ac- 
tions. aniline behaves 
as a feeble base; it 
precipitates ferric hydr- 
oxide, but does not blue 
reddened litmus, and 
although it expels am- 
monia from ammonium' 
salts, this is because of 
its inferior volatility, the action being parallel to that of silica 
on fused carbonates. Being a monamine, it forms additive 
salts with a single equivalent of acid. 

The salts with mineral acids are well defined, although 
owing to hydrolytic dissociation, they are acid in solution. 
Aniline hydrochloride y C6H5.NH2,HC1, is precipitated by 
hydrochloric acid in crystalline flocks, and the nitrate^ 
CgHg.NHa^NOg, is formed in a similar manner with dilute 
nitric acid ; both can be crystallised from water. 

The aminoid character of aniline is confirmed by the ready formation 
of crystalline double salts, such as the yellow platinichloride (CgH6.NH2, 
HClhtPtCl^, and the colourless stannichloride {CgH5.NH2,HCI)2,SnCl4. 
That it is a'primary amine is shown by the usual interactions (§ 212) ; 
it is condensed to phenyl isocyanide, QHg.NiC {§256), when heated 
with chloroform and alcoholic potash ; with carbon disulphide and 
mercuric chloride it yields a pungent mustard oil, CsH5.N:CS (§ 256); 
and it is converted by nitrous acid into the corresponding hydroxy- 
compound, phenol, CgHs-OH, with liberation of nitrogen (§ 255). 

C6Hs.N:C-e-C«H5.NH, 

C,Hs.OH + UcS(NH.C«Hj)3 CS:N.C,Hi* 

Aniline is much less stable than benzene and nitrobenzene, 
and is ^wly oxidised even by air. It is reconverted into the 
nitro^mpound by persulphuric acid, and ultimately by alka- 
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line permanganate, but several intermediate products are alw 
formed (§§ 26^ 380); With bleaching solution a trace of 
aniline forms a char^teristic violet coloration, and with 
sodium hypobromite a red precipitate ; it is also distinguished 
qualitatively by the intense greenish-blue colour which is 
formed by adding a drop of dichromate solution to its solution 
in concentrated sulphuric acid, and by the bright yellow colour 
its salts impart to pine-wood, 

2S0l The Hethyl-AxtlUim ind PhenyUmines. — Aniline being a primary amine 
takes up three methyl groups when heated with methyl iodide, fcffming 
a quaternary ammonium compound. Phenyhtrimethylammonium iodide 
CgHs-NMegl, a crystalline substance, which resembles the alkyl- 
ammonium salts (§ 214), and is similarly convertible into a aysta^e, 
caustic ammonium hydroxide^ CgH5.NMe3.OH. 

Intermediate compounds are also formed in this operation, but as with 
the aliphatic compounds, these derived amines are best made by special 
method. The secondary compound, methyl-aniline, is usually prepared 
from methyl-acetanilide (§251); and the tertiary compound, dimethyl- 
aniline, which is used in large quantities in the dye industry, is manu- 
factured by forcing methyl chloride at 100“ into an agitated, mixture of 
aniline and milk of lime, or by heating aniline with dimethyl sulphate. 

CeHs-NHj -I- aCHiCI + Ca(OH)„ = CgHs.NtCHs);, -I- CaCla + aHaO 

Meihylanilinet CgHg.NH.CHs {Hofmann, 1850), is an oily liquid, which 
resembles aniline, and boils at 193° ; as an amine, it forms the ususd addi- 
tive salts, and as a secondary amine it yields with nitrous acid an oily 
nitroso-contpound, CgH5.N(NO).CH3, having a characteristic odour. 
When methylaniline hydrochloride is heated, it is transformed into the 
isomeric paratoluidine hydrochloride (§ 317). 

Dimethylanilinef CqH 5.N(CH3)3 (Hotaann), is a similar liquid, which 
boils at 192® ; it is distinguished from, the aliphatic tertiary amines by 
forming with nitrous acid a crystalline nitroso-compoun^lS 296), in which 
the nitroso-group is linked to the hydrocarbon nucleus. 

Sodium dissolves in aniline, forming disodium-aniUne, CgH5.NNa3, an 
amorphous and easily soluble powder ; and this interacts with bromo- 
benzene, forming diphettylaniline or triphenylamine, N(CgH5)3, a neutral 
orystalline substance, which does not form salts with acids. 

The intermediate phenylaniline, an important substance in the dye 
industry, is made by heating aniline hydrochloride with aniline, at 240^* 
Diphenylaminep NH(CgH5)2 (Hofmann, 1864), is a crystalline substance, 
which, melts at 54®, and boils at 302® ; its properties are intermediate to 
those of the primary and tertiary amine, and it is a feeble base, ite salts 
being decomposed by water; its solution in concentrated sulphuric acid 
gives an intense blue colour with nitrites. Diphenylamine forms a sod ium 
derivative, which is ^converted into triphenylamine when heated with 
brmnobenzenc. 
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substances, they are useful in isolating the respective bases, 
as as in other respects. 

The aniline compound, acetanilide, is fom^d when aniline 
is mixed with acetyl chloride or acetic anhydride; a violent 
action occurs, and the product becomes solid. Acetanilide is 
more economically made by boiling aniline in a reflux appa- 
ratus with excess of glacial acetic acid. 


CgHg.NH2 + CH3.C00H->CgH5.NH3.0.C0.CH3 

l->C3Hg.NH.CO.CH3 + HjO. 

The aniline acetate at first formed is gradually dehydrated, and on 
fractionating the product after some hours boiling, the new product 
passes over, preceded by water and unchanged acid and aniline ; it is 
collected in the same way as acetamide, and recrystallised from boiling 
jv^ater. ' 

Aceianilide or phenyl-acetamide, CgHs.NHAc = CH3.CO. 
NH.CfiHg (Gerhardt, 1853), is a white crystalline substance, 
which melts at 1 12®, and boils at 304®, but unlike acetamide is 
only sparingly soluble in cold water; it is used as an anti- 
pyretic, under the name of antifebrin. As an amide, it is 
hydrolysed by caustic alkalies to acetic acid and the sub- 
stituted ammonia, aniline. 

CH3,CO.NH.CgH5 + NaOH -= CH3.CO.ONa + NH^.C^Hg. 

Many other anilides or aniline-amides are known ; they are 
similar to acetanilide, and are prepared in a similar manner. 

The imido-hydrogen of acetanilide is readily replaced by sodium, and 
when the orystalline sodium derivative is boiled with methyl iodide in 
toluene solution, is formed, a crys- 

talline substance, which melts at loi® ; it is identical with the acetyl 
derivative of methylaniline, and is resolvable into this base by hydrolysis. 
CcH,.NH«-(-CH3,C00H -> C«H5.NHX0.CH, 

L^CcH5.NNa.C0.CH3 C8H5JfMe,C0.CH3 

iL^C,Hs.NH.CHa. 

Thiocarbanilide, the anilide of thiocarboiiic acid, is made by heating 
wiline and carbon disulphide with alcoholic potash ; the crude anilide k 
precipitated by pouring the liquid into water, and is purified by washing 
with diluth hydrochloric acid and recrystaliising from alcohol. 

■ Thiocarhanilide, CS(NH.CgH5)3 (Hofmann, 1849), is a crystalline sub- 
stance, melting at 154'’, which is converted into phenyl mustard-oil 
(§3|6), when boiled with concentrated hydrochloric acid. 

CS,»+ sNHa.CoHs = CS<NH.CeH Ja -|- H,S. 

252, Substitution Products of Aniiine, — ^Aniline is very readily 
affected by substituting-agents, and on merely adding bromine 
water to the solution of an aniline salt, tribromaniline is pre- 
cipitated. Tribfomaniline, CaH2Br3.NH2 (Fritzsc^, 1842), is 
a ciyBtalline solid melting at 1 19® ; it is a neutral substance, 
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which forms an unstable hydrochloridef the bromine almost 
neutralising the basic amino-group. 

The mono- and ^i-hromo-compounds, which are obtained by distilling 
mono- and dibfom-indigo with potash (Hofmann, 1845), and in other 
(compare ! 293), are intermediate in properties, the basicity of 
the molecule diminishing as the number of bromine atoms increases 
(compare Chloracetic Acids, § 116). 

With sulphuric acid, aniline not only forms a sulphate, but 
hn amino-acid akin to the aliphatic amino-acids. 

CgHg.NHg -i-OH.SO2.OH = CgH^lNHal-SOaOH -HH^O. 

The aniline is dissolved in the concentrated acid, and the solution 
heated in an oil hath at 200® until the base is no longer liberated by the 
addition of caustic soda to a sample of the product ; the mass is then 
poured into cold water, and recrystallised, with the addition of animal 
charcoal to remove colouring matter. • ^ 

Sulphanilic or -p-aminohenzene sulphonic acid, CgH^(NHj). 
SO3H (Gerhardt, 1846) is a crystalline, efflorescent sub- 
stance, which chars when heated; it is used in the dye 
industry. The acid and basic properties of sulphanilic 
acid, like those of the aliphatic amino-acids, ^ire feeble, 
but the acid properties are the more prominent, as the sub- 
stance is soluble in alkalies and insoluble in acids. 


In forming these substitution-products it is probable that in every 
case the amino-group is first attacked, as in the isomerisation of methyl- 
aniline (1 250), the amino -hydrogen being replaced by the radical which 
eventually enters the benzene nucleus (Armstrong, 1887). Such unstable 
intermediate products have been isolated. 

PhenyUsulphonamic acid, CeH5.NH.SO3H (Traube, 1890), an unstable 
substance which is formed by slowly adding chlorosulphonic acid to a 
solution of aniline in chloroform, is converted into sulphanilic acid by 
simply heating with sulphuric acid. As it may be formed from aniline 
sulphate by simple dehydration, it is evidently the precursor of sulphanilic 
acid in the suIphonaUon of aniline. 


CeH,.NHs,H2SO* 
CeHs-NH^ + CLSOaOH /r 


QH5,NH.S0,H ->■ CeH^tNHJ.SOaH, . 


Similarly when acetanilide is treated with hleaching-powder solution 
It is converted into N-chloracetanilide or phenyl acetyl nifrogen chloride, 
CgHB.NcLcO.CHs, a crystalline substance melting at 91® ; if this chloro- 
derivative is heated, or covered with cold concentrated hydrochloric acid, 
it is transformed into p-chloracetanilide, CjH4CI.NH.CO.CH3, a CTystalline 
substance melting at 172®, in which the chlorine is in the benzene nucleus. 
Many such nitrogen chlorides, bromides and similar derivatives have been 
prepared (Chattaway, 1899), and all undergo similar bratisformations 
(compare also Nitranilines, § 293). , 


26^. Synopsis,— Aniline is the amino-compound correspond- 
t ingi^th ifitrobenzene. In many respects it resembles the 
aliphatic primary amines, but it is much less basic, and as a 
derivative readily forms substitution products* 
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CHAPTER XI.V 


PHEMOLt THE PHENYL RADICAL 

254 . Phenol. — ^The second fraction obtained ill tlie dis- 
tillation of coal tar, which passes over below 210®, and is 
termed the middle oil, consists chiefly of a semi-acid substance, 
phenol, and a solid hydrocarbon, naphthalene (§ 369); it con- 
stitutes about 10 per cent, of the tar, and is approximately 
equal in specific gravity to water. 

After the oil has been cooled, and separated from the 
naphthalene which crystallises out, the phenol is dissolved out 
by agitation with warm caustic soda, and separated by 
fractional neutralisation with sulphuric acid. 

Tarry matter and compounds homologous with phenol are. first pre- 
cipitated, and finally the oily phenol itself. The crude phenol is purified 
by redistUlation and fractional crystallisation j the oily mother liquors 
constitute the inferior forms of commercial carbolic acid. 

Phenol or catholic acidj QHs.OH (Runge, 1834), is a colour- 
less, crystalline substance, which melts at 43®, and boils at 
18 1®; on exposure to air and daylight, especially when not 
quite pure, it slowly reddens and deliquesces. Phenol is very 
■ corrosive and poisonous, and a powerful antiseptic; when pur^r 
its odour is aromatic and pleasant, and its taste sweet, but 
burning. It is fairly soluble in water, and freely in organic 
solvents, and is volatile with steam. 

Phenol is slightly acid, and hence was originally termed 
carbolic or phenic acid, but its acid properties are so exjremely 
feeble (K = 0*000000013), that it does not interact with 
alkali carbonates; the alkali phenaies or phenoxideSy which are 
stal^e, crystalline compounds, formed by evaporating phenol 
with caustic alkalies, are decomposed by carbon dioxi^, and 
afiord a means of separating phenol cnrganic acids. 
..Sipiilarly the violet ferric compound is decolorised even by 
•^^^cacid. , 
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On the other hand, phenol shows some of the properties ot an alcohol, 
and has oa this account been termed phenyl hydrate, or phenyl alcohol 
{Laurent, 1841; tftdiveuf, to give light).* When heated with acetic 
anhydride and sodium acetate it is converted into phmyl acetate^ CfiH^.OAc, 
a liquid which boils at 195*, and is hydrolysable in the normal manner to 
phenol and acetic acid. Phenyl potassium sulphate, C6H5.KSO4, is formed 
by boiling a solution of potassium phenate with potassium pyrosuiphate, 
and is exareted in the urine after the administration of phenol ; it is a 
crystalline solid, which is stable towards alkalies. 

Orf heating sodium phenate with methyl iodide, phenyl 
methyl ether is formed; the action proceeds much more 
readily than with aliphatic compounds, and in presence of 
water. 

Phenyl methylether or anisole, CgHs.O.CHs (Carius, 1851), is 
a light, insoluble liquid, which boils .at 154°, and has a very 
fragrant odour ; phenyl ethyl ether or phenetole, CgHs.OEt, is a 
similar liquid boiling at 172°, ■ These ethers are quite stable 
towards caustic alkalies, and are therefore not true ethereal 
salts; but unlike the aliphatic ethers they are hydrolysed 
by concentrated hydriodic acid at the ordinary boiUng tem- 
perature (see also § 400). 

Phenyl ether, (€6115)20, a crystalline compound which is formed . by . 
fusing phenol with zinc chloride, is also quite stable ; it cannot be made 
by methods analogous to those used in the preparation of ether, and is 
not decomposed by hydriodic acid. 

The presence of hydroxyl, suggested by the acid and alco- 
holic properties of phenol, is confirmed in the usual manner, 
by the action of the phosphorus haloids. Hydrogen Chloride 
and hydrogen bromide have no action upon it, but when it is 
heated with phosphorus pentabromide the hydroxyl is re- 
' placed by bromine; and as the phenyl bromide thus formed is 
identical with bromobenzene (Riche, 1862), phenol iteelf is 
hydroxyhenzene. 

This is confirmed by various syntheses, by the direct oxidation of ben- 
zene to phenol when shaken with hydrogen peroxide and ferrous sulphate, 
and by the direct conversion of phenol into benzene when its vapour is 
passed over red-hot zinc dust (Baeyer, 1866}. 

C«He CelL.Br^ 

t t 

Considered as an alcohol, phenol resembles the tertiary alcohols, tor 
when strongly oxidised it does not yield an acid or ketone containing the 
same number of carbon atoms, but simply breaks up ; carbon dioxide is 


* From occurrence in coal-gas bye-products ; similarly the word 
carbolic u horn oleum carbonis. 
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the principal product with concentrated permanganate at a t^- 
perature. 

As a benzene derivative phenol forms substitution products 
with the usual agents, namely halogens, nitric acid and sul- 
phuric acid ♦; when bromine water is added to a solution of 
phenol, tribromophenol is precipitated in light, white flocks, 
which may be recrystallised from alcohol, 

CgHg.OH + 3Br2 = CgHgBr^.OH + 3HBr. 

Trihromophenol, CgHgBra.OH (Laurent, 1842), is a crystalline 
substance, which melts at 92®, and has a very characteristic 
odour; it is readily reconverted into phenol by reduction with 
sodium amalgam and water. 

The introduction of halogen into the benzene nucleus markedly in- 
creases the acidity of phenol, as might be expected ; the dissociation 
constant of orthochlorophenol is K = 0-000004. 

Besides the violet coloration with ferric chloride, phenol gives a char- 
acteristic colour reaction with nitrosulphonic acid j a colour changing 
from brown through green to an intense blue being obtained, on adding 
phenol to a solution of sodium nitrite in a large excess of concentrated 
sulphuric acid [Liebermann’s reaction). 

255 . Conversion ol Benzene into Phenol, — Auiline is readily 
converted into phenol by the action of nitrous acid; the 
operation is conducted iu the same way as in the parallel con- 
version of ethylamine into alcohol (§ 58), the amino-group 
being replaced by hydroxyl (Hunt, 1859; compare § 258). 

CgH5.NH2 -hNO.OH = CgHg.OH -fNj +H 2 O. 

Cold sodium nitrite solution is added to an ice-cold solution of the 
base in dilute sulphuric acid, until a slight excess of nitrous acid is present ; 
this is detected by means of test-papers, which have previously been 
soaked in potassium-iodide-starch solution and dried. The product is 
then heated on a water-bath for half an hour, and after the evolution of 
nitrogen has ceased the phenol is distilled with steam. 

A second important synthesis consists in fusing potassium 
benzenesulphonate with caustic potash, the melting point of 
which has been lowered by adding a small quantity erf water; 
the sulphonic radical is detached as alkali sulphite (compare 
§ 247), and tile phenyl radical is converted hydrolytically intd 
potassium phenoxide (Kekul6, Wurtz, 1867). 

CgHg.SOyOK -b 2KOH = CgHg.OK -H K^SO^ 4- HjO. 

The alkali is melted in an iron or nickel dish with a little water, smd 


* The nitrophenols and phenolsulphonic acids are considered later 

(11^4* 29S)v " 
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the pOiWd^d sulphonate sicfwiy stirred in. The mass is kept fused for 
half an. houf at a temperature not exceeding 300®, and is then cooled and 
dissolved in water. On acidifying the filtered solution with dilute sul- 
phuric acid, sulphur dioxide is given off in abundance, and, after the 
remainder has been expelled by boiling, the phenol can be extracted 
with ether. The yield with caustic soda is not nearly as good (§ 305). 

Conversely, phenol can be converted into aniline by heating with solid 
ammonio-zinc chloride, at a high temperature. This double salt, which 
is formed by passing dry ammonia over zinc chloride, is dissociated by 
heat, and the zinc chloride thus set free assists the action of the 
ammonia in withdrawing water ; the yield is very small, however. 

-t- NHg = + H 2 O, 

256, The Phenyl Radical: Aryl Radicals.— The mono-sub- 
stitution products of benzene are thus intermediate to the 
derivatives of the aliphatic acids and alcohols; the phenyl 
radical, CqHb or Ph, wliich passes through the various 
interactions, resembles on the one hand the tertiary alkyl 
radicals, and on the other hand, to a certain extent, the 
radicals of very feeble acids. 

Phenol or phenyl hydroxide is intermediate to the alcohols 
and acids, just as aniline or phenylamine is intermediate to 
the amines and amides. Radicals of the phenyl or aromatic 
class are termed generically aryl radicals. 

The phenyl radical enters into combination with metals and other 
elements in the same way as the alkyl radicals- Mercury diphenyl^ 
Hg(CaH5)2, a crystalline substance melting at 120“, is thus formed by 
the action of sodium amalgam on a boiling solution of bromobenzene 
in benzene. Phenyl isocyanide, CgHg.NX (§§73, 249), is an unstable 
colourless oil, which boils at 165°, and resembles the alkyl isocyanides in 
odour j when pure, it rapidly turns blue and polymerises to a resin, but 
it may be kept unchanged if mixed with dry aniline or ether. 

Phenyl mustard-oil (isothiocyanatc,§ 210) is formed by the interaction 
of carbon disulphide and mercuric chloride with aniline, or by boil- 
ing thiocarbanilide with excess of concentrated hydrochloric acid ; it 
separates as an oil, which can be distilled off with steam. Phenyl isothio- 
oyanate, CgH^.NrCS, is a colourless liquid, which boils at 222“, and has 
the pungent and characteristic odour of the mustard oils. 

Phosphorus and sulphur compounds, analogous to anilin e and phenol, 
also known. The phenyl mercaptan, fermed by reducing benzene- 
sulpbonic chloride (§ 247), is also made by 'fusing potassium benzene- 
sulphonate with potassium hydrosulphide; and also from phenol itself 
f>y the action of phosphorus pentasulphide. Phenyl mercaptan or thio' 
Phenol, CgH^.SH, is a mobile liquid, which boils at 168° ; its vapour is 
Very irritating to the eyes. 

Owing to the unique character of the phenyl radical, and 
particiilar the fixity of the halogen in its halogen deri- 
vatiy^Sj the phenyl compounds are usually regarded simply 
substitution products of benzene; aniline is-consid^ed as 
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amindbenzene (Griess), and njt as phenylamine. We shall see 
later that there are other aromatic ammonia and hydroxyl 
derivatives, which much more closely resemble the aliphatic 
amines and alcohols (§§ 281, 280). 

257 . Synopsis.— Phenol is the hydroxy-compound corre- 
sponding with bromobenzene, and owing to the slightly acid 
character of the aryl radical, phenyl, it is intermediate in char- 
acter to the aliphatic tertiary alcohols and the feebler acids. 


PHENOL AND THE PHENYL RADICAL. 


QH 5 .NOa -e 
nilrobenzene 


Y 

CbH5.NHji 

aniline 


-Cello . 
benzene 

A 


H202(F4 

I 




CeHg.OH , KOH-v 
phenol 



-«-C09 

( hydraxybeiizene) 

white crystal ; 
deliquescent, corrosive 

[43“] 


CoHs.OAc 
pkrn^l acetate 
liquid (195’) 


CoHsBr 

[phenyl bromide) 
bromobenzene 


'CBH5.SO8K 

potassium 

benzenesulphonate 


CoHs^OK 

potassium phenoxide 

crystalline ; 
stable in water 


CH3I 


CeHo-OMe 
phenyl methyl ether ; 
anisole 

fragrant liquid (i54‘) 




CHAPTER XLVT 


DIAZONIUM AND RELATED COMPOUNDS 

258 . Beazenediazonium Salts. — In the conversion of aniline 
into phenol by nitrous acid, it is observed that phenol is not 
formed, or nitrogen evolved, until the product is warmed. 
The action occurs virtually in two stages, in the first of 
which the nitrogen forms a compound akin to the aliphatic 
diazo-esters (§ 219) ; and by working at a low temperature this 
intermediate diazonium compound can be isolated (Griess, 
1858). 

When nitrogen trioxide is passed into an ice-cold paste of 
aniline nitrate and water, a dark-brown liquid is obtained, 
from which, if the temperature has been kept low, a copious 
crystalline precipitate of benzenediazonium nitrate is thrown 
down on adding ice-cold alcohol-ether. When this is drained 
at the pump (Fig. 9, § 25) and washed with the same mix- 
ture, it forms a white silky mass, which must on no account 
be allowed to become dry, as it then detonates with great 
violence when rubbed or heated. 

CgH^.NH2,HN03 + HNO2 = CgH5.N2.NO3 + 2H2O. 

The corresponding sulphate is less dangerous ; it is made by adding 
amyl nitrite (§230) slowly and with much stirring to a cold alcoholic 
solution of aniline sulphate ; if crystals do not appear, a few drops of ether 
are added. The crystalline mass is drained at the pump, and washed 
successively with alcohol and'ether ; a second crop may be obtained by 
mixing the mother -liquor with the washings. The diazonium chloride 
is made in a sim i l a r manner, but the reagents must be well -cooled with ice 
(KuoevMiagel, 1890). , 

Bemenediazonium nitrate, CjjHs.N(N03) • N (Griess, i866), 
is an exceedingly explosive substance, which, crystallises in 
silky needles. The sulphate, (CeH5.N3)2S04, and (Monde, 
QH5.NCIIN, are similar colourless salts; they are not so 
unstable as the nitrate, but explode when heated, and cannot 
be kept. These diazonium salts are derived from a complex 
ammomiim beozenedlazomum hydroxide. 
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The dlazonium salts are very soluble ia water, forming highly 
solutions resembling those of the ammonium salts, their analogy to 
is confirmed by the conversion of the chloride into a sparingly soluble, 
yellow platinichloride, (C6H5.N2.Cl)2,PtCl4, and an insoluble, golden." 
yellow aurichloride, C8H5.N2,Cl,AuCl3. Moreover, the hydrochloride is 
decomposed by silver oxide in exactly the same way the quat^nary 
ammonium iodides (§214), the solution becoming strongly alkaline from 
the formation of an ammonium hydroxide. Benzmediazonium HySrdxide 
CgHg.NlOH) * N, is a highly ionised alkali, which is neutralised and re- 
converted into diazohium salts by acids. 

When a solution of a benzenediazonium salt' is heated it 
effervesces, and the whole of the nitrogen is liberated in the 
free state, whilst the phenyl radical is converted into phenol; 
the* mechanism of the interaction of sodium ‘ nitrite with 
aniline hydrochloride is thus explained. 


C6H5.Na:N-^C6H5.N(OH) :N->C6H5.0H+N2. 

The diazonium compounds are thus mono-substituted derivatives of 
benzene. The linkage of the second nitrogen atom to the nitrogen of 
the aniline nucleus is confirmed by the conversion of these compounds 
into salts of phenylhydrazine, C5H5,NH.NH2 {§ 261), when reduced with 
zinc dust or other agents, and the reconversion of pheuylhydrazine sul- 
phate into the diazonmm sulphate by oxidation with mercuric oxide. 

C6H5.N{0H):N 

259 . The JDiazo tales t Nttrc^amiaes and Nitramines, — Benzene • diazonium h||. 
droxide is unstable in presence of alkalies, dad neutralises them, althpup' 
itself a powerful base ; this apparent paradox is due to the conversion of 
the hydroxide into an isomeric acid, benzene-diazotic acid, the potasai^ 
salt of which is formed by adding the diazonium chloride to exce&s*^bf 
cold, concentrated potash. 

Poiassittm benzenediazotate, CeH5.N:N.OK, forms colourless silky 
needles ; benzenediazotic acid, CfiH5.N:N.OH, is not known in the free 
state, as it neutralises acids, owing to reconversion into the diazonium 
salt. When, however, the potassium salt is added to 50 per cent, 
acetic acid at -20°, the acid anhydride is obtained ; benzenediazoxide, 
is S- yellow, insoluble substance, which is exceedingly 
dangerous, as it explodes spontaneously at 0°; it is converted into a 
diazonium salt by strong acids, and is reconverted into the diazotate by 
potash. ‘ . * 


CeHj.NCIlN 




- [CaH,.NH(OH):N.OK] 


[CoH,.NaNHOH CeH5,N:N.0Hl 


C6H5.N:N.0K 


■ When the diazonium chloride is added to concentrated potash whi^,; 
is then heated quickly to 140'’, a stereoisomeric potassium salt is ou- , 
tained. Potassium benzene-isodiazoiate, CgHg.NiN.OK, resembles the 
normal salt, but is more highly ionised and stable; the corresponding 
isodiazoHc add js transiently liberated by acids from the potassium salt, 
but is rapidly transformed into the diazonium compound. 

With ca^on dioxide, on the otherband, potassium isodiazotate yields 
tbdlsome^nltrosamine. Phenylnitrosamine, 

aj j^ow, crystalline substance, which is a pseudb-adid, 



‘ C«Hs.NH.NC 
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itat » to say, although neutral and not ionised in solution, it neutralises 
alkalies in the same way as the nitroparaffins (§ 231) and fonnonitrile 
(§ 205), and is converted into salts of the isomeric diazotic acids. 

• ^ C6H5.N:N.OH->'C6H5.NH:N(OH)a 
C6H.JJ:N.0K V 

. ^ [C6H5.NH{0H):N.0K1 

The corresponding phenylmdhylniirosamine, CQH5.NMe.NO, an oily 
liquid identical with nitrosomethylaniline (§250), is formed by the action 
of methyl iodide on potassium isodiazotate ; but the silver salt yields with 
the same reagent methyl diazoiaUt CgHQ.NiN.OMe, a pungent, explosive 
, oil. The constitution of the latter is proved by its hydrolysis by acids to 
methyl alcohol, phenol and nitrogen ; it is converted into the potassium 
salt by hydrolysis with concentrated potash. 

The diazotates, like the diazonium compounds, are resolved into phenol 
iind nitrogen when heated with water, and as the isodiazotates differ from 
them only in acting less readily, they are probably stereoisomerides 
(Hantzsch). Both forms are reduced to phenylhydrazine by zinc-dust 
and alkalies, and phenylmcthylnitrosamine yields similarly phenylmethyl- 
hydrazine, C6H5.NMe.NH2, identical with that which is obtained by 
methylating phenylhydrazine {§ 261). The second nitrogen atom is 
therefore linked to the nitrogen of the aniline nudeus,ns in the diazonium 
/compounds and nitrqsamines- 

Both, diazotates and isodiazotates interact with phosphorus penta- 
chloride and acetyl chloride, indicating a hydroxylic constitution, but 
phenylnitrosamine does not do so, nor enter diazonium interactions 
, (below). ' 

' ^ CeH^.N,.OH -> C,H,.NH.NH8 x. ^ 

- C H NH ^ It C6H5.NMe.NH2 

® ^ CeHs-NHMe C6H5.NMe.NO ^ 

' CXhe anilide of diazotic acid, which is formed by the interaction of a 
‘14iazoaium salt with ice-cold aniline hydrochloride solution, is of import- 
ance, owing to its ready transformation into the isomeric amino-azoben- 
zene (§ 381) ; it is isolated by salting out with sodium acetate. 

DimohenzenC’-anilide or diazoaminob&nzene, C6H5.N:N.NH.C6H5 (Griess, 
1862), is a golden-yellow, crystalline substance, which melts at 96®, and 
explodes at a somewhat higher temperature. As a diazo-compound, it 
is resolved into chlorobenzene, nitrogen and aniline by concentrated 
hydrochloric acid, and is reduced to anilme and phenyl-hydrazine (§ 261} 
^by zinc dust and alcoholic acetic acid. 

CeH^a + Na + NH,.C6H5 C6H5.N;N.NH.C6H5 

+ NH^.C^Hs; 

The basic character of the diazonium compounds is explained by the 
quinquevalence of the nitrogen in presence of acid ions ; in pr^ence of 
basic ions the nitrogen becomes tervalent. The hydroxylic constitution of 
the diazotic acids is confirmed both by their acid character, and by the 
S 3 mthesis of the isodiazotic acid from nitrosobenzene (§ 263) and hydroxy- 
lamine (Bamberger, 1895). 

The relation of phenylnitrosamine to the aazotates and unstable 
diazotic acids is analogous to that of nitromethane to isonitromethane 
and its salts, and of fonnonitrile to the metallic cyanides. ^ The inter- 
0(mvertibility of the diazonium hydroxide and diazotic acid is probably 
due to the formation of a hydrate, which loses water in one direction 
or other, as the nitrogen of the aniline nucleus is tervalent or quin- 
9uevalent 
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C,H,.N(OH)JN <->tcjHvN{OH).NHOH] C6Hs,mOH<*CeH, 

When Jjenzenediazomum chloride is subjected to prolonged 
with cold alkaline, potassium ferricyanide, the nitroM^ompound^^bCKTe- 
sponding with phenyl-nitrosamme ,is iormed ; it is more readiIy!jobtoijffiri 
by the action of nitric anhydride on aniline in ether, or by dehydr^l^, 
aniline nitrate with acetic anhydride. 

CbHsJ^CI-N CcHvNH.NOb C,H 5JJH3.0.N0t. 

Phenylniiramtne, CgHg.NH.NOa (Bamberger, 1895), is a colourless 
crystalline substance melting, at 46® ; it is reduced to phwiylhydraziae by 
sodium anialgam, but to benzene-diazonium salts by less energetic agents, 
and it is hydrolysed to aniline and nitric acid by alkalies at a high tempera- 
ture. Phenylnitramine is converted by strong acids into the dsOmeric 
nitranilines (§ 293) ; like the nitroparafSns it forms metallic salts* derived 
from a labile isomeride, namely benzenediazoic acid. " ; 

Sodium benzcnediazoaU, CgHg.NiNO.ONa, like the sodium diazbfcates, 
yields an JV-ether with methyl iodide, whilst the silver salt yields an 
0 -ether. Phenylnidhylnitramine, C6H5.NMe.NO2, the A^-ether, is a 
crystalline substance melting at 39“, which is converted by adds into 
the isomeric nitrotoluidines (§ 293) ; methyl diazoate, C6H5.N:NO.GMe, 
the O-ether, is an explosive oil which yields methyl alcohol when 
hydrolysed. 


260. The Dlazonlum Interactions.— The diazonium compounds 
are useful by reason of their very instability. Besides the 
hydrolytic conversion of aniline into phenol, due to their 
successive formation and decomposition, various other de-* 
compositions can be effected, by means of which the phenyl 
radical may be brought into combination with halogen, etc. 

On warming a solution of potassium iodide to which a 
diazonium salt has been added, nitrogen is evolved, but the 
phenyl radical now unites mainly with the iodine ions, and 
iodobenzene (§ 245 ) is thrown down as a heavy oil. 

C6H5.N3.Cl + KI ^ CgH^.N^.I -> CgHgl + N^. 

Similar results are obtained with hydrochloric and hydro- 
bromic acids, although much more phenol is now forlned. 
The action is rendered almsot quantita^ve, however, by 
substituting the cuprous salt for the acid, or more simply by 
adding precipitated copper to the mixture ; it is then un- 
necessary to isolate the diazonium salt. 

A concentrated solution of sodium nitrite is addid to the 
well’^oled solution of the aniline salt, until a permahent 
excess of nitrous acid is shown by iodide-starch pape# (the 
condensatioa to the diazonium salt is slow, and hence there is 
^ a t^pora.ry ^cess of the acid after each addition of ni^te) ; 

diazotised is then added to the^^^njhoh 
. the t^equired radical, .and after 
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mixture to complete the action, tixe product is isolated by 
extraction with ether, or otherwise. 

Chlorobenzene and iodobenzene are much more readily 
prepared by this method than by direct substitution ; its great 
value,however,Ues in its universal applicability, for practically 
any compound of the aniline type can be similarly dealt with. 

CgHj.NgCbCuaCla = zCuCl +N2 +CgH5.Cl. 

If a diazotised solution of aniline be added slowly to a boiling solution 
of cuprous chloride in hydrochloric acid (Sandmeyer, 1884) or precipitated 
copper be added to a mixture of the diazotised solution with excess of 
hydrochoric acidi at the ordiuary temperature (Gattermann, 1890), chloro- 
benzene is formed quantitatively. Bromobenzene maybe prepared in a 
similar manner from benzene-diazonium sulphate, potassium bromide 
and reduced copper. 

The accelerating effect of cuprous copper is due to the formation of 
double cuprous salts analogous to potassium cuprochloride ; diazonium 
cuprockloride, CeH5.N2.Cl,Cu2Cl2» is a yellow substance which is re- 
solved into cuprous chloride, nitrogen and chlorobenzene, when heated 
with water ; it can be seen transiently as the diazotised solution meets 
the cuprous solution ; the cuprous chloride by combining with the 
diazonium chloride prevents its decomposition into phenol. 

A very important variant of the diazonium-halogen interaction is 
the synthesis of nitriles from amines by replacing the amino-group by 
cyanogen. When a cold diazotised solution of aniline hydrochloride is 
poured slowly down the condenser of a reflux apparatus, which contains 
a hot solution of potassium cuprocyanide (§ 201), cyanobenzene (ben- 
zonitrile, § 267}, is formed, with excellent yield ; the process is exactly 
parallel to the formation of chlorobenzene, and the product is purified 
in the same way. 

C,H,.N£.CI + CNK C,H,vN,.CN + KCl h- C,H,,CN + Njj. 

Other radicals may be introduced into the benzene nucleus 
in the same maniier. One of the most important of these 
changes is the replacement of the amino-group by hydrogen, 
by which process the amine is reconverted into the compound 
from which, the antecedent nitro-derivative w’as obtained. 

The exchange is effected in some cases by boiling the 
diazonium salt wit^ alcohol (Griess, 1866), but as the main 
product of this interaction is usually a phenolic ether 
(Remsen, 1886), it is better to reduce . the corresponding 
diazotate with an alkaline stannite. The operation is termed 
the elimination of the amino-group. 

CeH5.H -b CH3.CHO -4- CeH5.Na N CgHg.OEt -b HCl ; 

CeH5.N:N.OK 4- zH = CgH^.H + Nj -b KOH. 

The stannite solution is prepared by adding caustic soda to cooled 
stannouf chloride solution, until the stannous hydroxide has r'edissolved *. 
the diazdnlum solution is converted into diazotate, by pouring into well- 
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coJl^ ccoiceatrated caustic soda, and the diazotate is added, slwly 
to the alkaline stannite through the condenser of a reflux appa^tus. 
Nitrc^ito is evolved in abundance, and benzene rises to the suirface 
(FriedlSuder, 1889) ; it can either:l>e distilled ofl with steam, or separated 
mechanically. * , ^ 

The diazoniiim compounds and diazotates are further 
characterised by the ease with which^they interact with 
benzenoid amines and phenols, forming highly-coloured ozo- 
compounds (§ 382), The interaction with j8-naphthol (§§371, 
383) is particularly smooth, a brilliant red precipitate being 
rapidly formed on addition of a diazonium salt or diazotate 
to an alkaline solution of this substance. 

C^Hg.NCl: N + CioHj.ONa =C6H5.N:N.qoH8.©H +Naa 

261 . Phenylhydrazine. — The reagent phenyl-hydrazine is 
formed by reducing diazonium salts in neutral or acid solu- 
tion by means of alkali sulphites (with or without zinc and 
acetic acid), or stannous chloride, 

CflH£.N:N.Sp3K > CgHs.NH.NH.SOaK. 

CfiHs.NCl : N C6 Hb.NH.NH 2,HC1 -> CeHB.NH.NH 2 . 

On adding diazotised aniline hydrochloride to a coircentrated ice-cold 
solution of sodium sulphite, the product becomes almost solid with a 
yellow crystalline compound, sodium benz^nediazosulphomie, CgHg.NiN. 
SOgNa, which is reduced to the corresponding phenylhydrazinesuiphomte, 
CgHg.NH.NH.SOsNa, by warming either with more sodium sulphite, or 
with zinc dust and acetic acid. On hydrolysing the filtered and con- 
centrated solution of the sulphonate by boiling with concentrated hydro- 
chloric add, the compound is resolved into phenylhydrazine and sulphuric 
acid ; the hydrochloride of the base crystallises out as the solution cools 
(Fischer, 1878}. ‘ 

A similar result is obtained somewhat more quickly by means of stannous 
chloride. A well-cooled solution of stannous chloride in concentrated 
Jiydrochloric acid is added to aniline hydrocluoride, which has been 
ground up with a large volume of the same acid, and diazotised in the 
usual manner; the crystalline phenylhydrazine hydrochloride, which 
fapidly separates, is collected and drained (Victor Meyer, 1883). 

The hydrazine hydrochloride obtained by either method is 
dissolved in a little water, and the base liberated with caustic 
soda, and extracted with ether j after drying with anhydrous 
potassium carbonate and distilling off the ether (§ 24^), the 
free hydrazine is fractionated under reduced pressure. 

PhenyU^^azine, CgHs.NH.NHj (Fischer, 1 87 8), is a colour- 
less crysIBOiine solid, having a pleasant aromatic odour; it 
melts at ^3®, and boils at 242®, but decomposes slightly at the 
latt^^l^^rature. Like aniline, it is slowly oxidis^ by the 



'! 3 | 62 ] DiazoniuM and Reluted Compounds 339 

PMHylhydrazine' hydrochloride is a stable crystalline salt; 

dutiUej which is less stable, may be made by adding excess 
’ of js^)qtium acetate and a little acetic acid to the aqueous 
solution of the hydrochloride; or by dissolving the base m 
dilute acetic acid, and filtering from any resinous impurity. 

,, j^heuylhydrazine is a moderately powerful reducing agent. 
When it is boifed with alkaline copper tartrate, cuprous 
oxide is precipitated, whilst with acetic acid and copper 
sulphate solution, nitrogen is eliminated, and benzene set 
firee the action is quantitative. Under the same conditions, 
phenylhydrazine hydrochloride is converted . into chloro- 
beni^ne ; but when distilled with zinc dust it is reduced to 
an^li^e and ammonia. i 

■ CgH^.NHa + NH3 ^ CgHg.H + Njj + H^O. 

As au aminoid compound, the hydrazine forms additive smalts with 
acids- With alkyl iodides and nitrous acid, it behaves as a secondary 
amine ; pkenyl-nitrosohydrazine, CgH5.N(NO).NH2, is an unstable sub- 
stance, which is quickly dehydrated to phenylazoimide (§ 265). 

Phenylhydrazine is a valuable reagent for aldehydes and 
ketones, with which, in acetic acid solution, it forms conden- 
sation products, the kydrazones (Fischer, 1884, §§^5, 89), 
which are readily hydrolysed by mineral acids. The osazones 
or double hydrazones (§185), and the or hydrazine 

amides (§ 181) have also been dealt with previously. 

The constitution of phenylhydrazine follows in part from its inter- 
convertibility with aniline, and in part from its relation to ethylaniUne. 
By reducing the nitroso-compound of this secondary amine, ethyl-phenyl- 
hydrazine is formed, and this base combines with ethyl bromide to form an 
additive compound, ethyl-phenylhydrazine. ethobromide, which is identical 
with that which results from the action of’ ethyl bromide on phenylh^^^a- 
zine itself (Fischer, 1878 ; compare Phenylmethylnitrosamine or nitro- 
somethylattUme, §§ ago, 259). 

C5H5.NELNO ^ CeH,.NEt.NHa ^ C«H;.NEt.NH2,EtBr ^ CeH^.NH.NHs. 

262, Synopsis,— Aniline differs from the aliphatic amines in 
that it' forms yrith nitrous acid a condensation product, ben- 
•zenedia^nium hydroxide, by means of which it is convertible 
Uj^ o:^) ^ into the corresponding hydroxy-compound, phenol, 
the hydrocarbon, and its halogen and cyano- 
deriy^K®. and into a derivative of hydrazine. 
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DIAZONIUM AND RELATED COMPOUNDS. 




CHAPTER XLVII 


KITROSOBENZENE AND ALLIED COMPOUNDS 

20^ MRroulteiixttM &&d PbflnylhrdroxyUnUne.— The reduction of nitrobenzene 
to aniline is not the simple process it at first sight appears to be ; several 
intermediate jMToducts are known, the simplest of which are nitrosobenzene 
and phenylhydroxylamine. When the oxidation of benzenediazonium 
chloride to pheuylnitramine by alkaline ferricyanide (§ 259) is inter- 
rupted, the product is found to contain nitrosobenzene, which may also 
be obtainied directly from aniline, by oxidation with alkaline permanga- 
nate. 

The same compound is formed by the prolonged action of ice-cold 
caustic alkalies on befumf-ittazomum perbromide, CflH5,N2Br3, a crystal- 
lisable oil, which is precipitated by adding a diazotised aniline solution 
to bromine dissolved in' potassimn bromide. It is most readily obtained 
by oxidising phenylhydroxylamine sulphate with dilute chromic acid at 
0®, and is isolated by distillation with steam, with which it is extremely 
volatile. 

Nitrosobenzene f CgHg.NO (Baeyer, 1875), is a colourless, crystalline 
substance, which melts at 68“ to an emerald .green liquid (compare Nitro- 
somesitylene, § 328), and has a pungent odour resembling that of the 
carbimides- It readily condenses with aniline in hot glacial acetic 
acid, forming azobenzene {§ 380), and with hydroxylamine, forming 
isodiasEoticacid(|25g): and it is converted into nitrobenzene by oxidation 
with alkaline hydrogen peroxide, 

CgHsNiOHliN-s- CpHsJiO ■€- 

Phenylhydroxylamine is readily prepared by cautiously reduting 
nitfob^zoie in neutral solution, preferably with zinc, in which case 
ammonium chloride or calcium chloride must be present to combine with 
the zinc oxide. On adding zinc-dust slowly to an emulsion of the nitro- 
compound in dilute ammonium chloride, there is an energetic action, 
necessitating the cooling of the liquid ; when this has ceased, the zinc 
oxide and excess of metal are filtered off, and the phenylhydroxylamine 
salted out with common salt. The crystals are then drained, dried on a 
piffoiK plate, and recrystallised from benzene, 

Pheyj^ydroxylamine is also formed from aniline by oxidation with 
‘ persBlphuric add, and is further produced from the, sodium derivative of 
uitrobeuzene- Nitrobenzene, like the aliphatic tertiary nitro-compounds, 
cannot assume a labile addic form (| 23a), and hence does not form 
metallic compounds of the ordinary type ; when, howev^, it is boiled with, 
sodmm in. toluene, it exchanges oxygen for sodium, fcHtning a sodium 
(^H^.NONa^ (possibly CsH5.NNa.ONa), which, when sus- 
3U 
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pended in ether and shaken- with ammohium chloride solution,, is 
lysed to phenylhydroxylamine. . ^ 

CaH5.N02 + 4H = CBH,.NH0H + Ha0; , 

CtH,.N03 CeH^.NONaa *> [CgHs-NOHJ ■> CgHs-NHOH. 


Phenylhydroxylamine^ CgHg.NH.OH (Wohl, 1894), is a colourless^' 
crystalline substance, which melts at 81®, and irritates the skin and mucous 
membrane ; it can be kept in dry, air-tight vessels, but is unstable and 
rapidly changed by . air, acids or alkalies. On account of its ready 
oxidability, it reduces alkaline copper ani cold ammonio -silver solu- 
tions energetically j it is rapidly re-oxidised to nitrobenzene by the com- 
bined action of air and alkalies, whilst with dilute chromic acid nitroso- 
benzene is formed. By the action of air or alkalies alone, aroxybenzene 
(§ 380) is produced by condensation,'whLlst mineral acids effect anisomCTic 
conversion into ^J-aminophenol (§ 294). With nitrous acid phenylHy- 
droxylamine forms a crystalline nitroso-compound, CqH 5.N(NO).OH, a 
sparingly soluble acid substance, which has but feeble reducing action, 
and is hydrolysed by warm acids to nitrosobenzene. . . 

Both nitrosobenzene and phenylhydroxylamme are formed by the 
electrol3rtic reduction of nitrobenzene, and if the nitrobenzene is dissolved 
in concentrated sulphuric acid, a large yield of ^-aminophenol sulphate 
is produced, by isomerisation of the phenylhydroxylamine. 

S64. lodosobenzene, lodozylienzene and lodonlam Bases, — The many different 
functions of nitrogen in organic compounds are largely due to the ease 
with which its valency can be varied ; we have repeatedly noticed that 
compounds which may be saturated and inert w^ith regard to one set of 
reagents, may become unsaturated and mobile with regard to another set. 
A remarkable instance of such variable valency is found in the oxidation 
products of the comparatively inert substance, iodobenzene ; the iodine 
becomes tervalent, and functions similarly to thenitrogen of the nitroso-, 
nitro- and ammonium compounds. The first compounds of this type were 
made from o-iodobenzoic acid (Victor Meyer, 1892). 

Chlorme is rapidly absorbed by iodobenzene, just as by free iodine, 
and if the chlorination is carried out in ice-cofd chloroform solution, a 
crystallme product is readily isolated. Phenyl iodochloride, C^Hs.ICl^ 
(Willgarodt, 18S5), is a yellow, crystalline substance, which is in. many 
respects analogous to the dichloramines, R.NCI2, although more stable- 
When heated it dissociates into iodobenzene and chlorine, whilst at the 
ordinary temperature it is gradually changed into y-chloriodobenzenet 
GXgH4.I, and benzene ; but when it is digested with cold caustic soda, 
it is slowly hydrolysed to the corresponding oxy- derivative, iodosobenzene, 
which -is really isolated, , as it is insoluble in water. 

lodosoi^zene, QHg.IO (Willgerodt, 1892), is an unstable, yellow sub- 
stance,, analj^ous to nitrosobenzene in constitution ; it has basic properties, 
hovrever^ :^^ when evaporated with glacial acetic acid, forms a stable 
crystaj^’ acetate^ CeH5.I(OAc)2, melting at 157®. Iodosobenzene 
rapi^y and quantitatively liberates iodine from hydriodic a|M, being 
itj^ j^uced to iodobenzene ; and it is reconverted into the icuochkride 
.by phosphorus pentachloride. 


f 




When h^osobenzene is heated in a water-bath, or distilled ^th ^a!in« 
^at'l^^educed to iodobenzene,^but the remainder is oxid^d W 
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beozol^ a compound which is an^ogotis to nitrobenzene in constitution 
the product is obtained by directly oridising phenyliodochlorid! 
withlSypochlorites or persulphuric acid. 

lodoxybenzene, CgHs.IOa, is a stable compound, which can be crystal 
Used from water, but decomposes with a slight explosion when heated ; 
like th^ iodoso'compounds it quantitatively oxidises hydriodic acid, being 
itself reduced to iodobenzene. 

2C„H5.I0 = GeH-.I + CcH-,.10a ; 

C«Hs.IOa + 4 HI - C«H,I + 2H,0 + U 

By the interaction of iodoso- and iodoxybenzeno a basic iodonium 
compound is formed, which is analogous to the ammonium hydroxides. 
It is conveniently isolated by saturating with sulphur dioxide the alkaline 
mother -liquor from the iodoso-benzene preparation ; part of the iodoso- 
compound is oxidise to the iodoxy-compound by air during the slow 
hydrolysis, and the sulphurous acid reduces the accompanying iodic acid 
to hydriodic acid, with which the base forms a sparingly soluble iodide ; 
the free base is obtained by the action of silver oxide and water on the 
iodide (compare Tetramethylammonium hydroxide, § 214). 

PhI{OH)^ -I- PhlOa - IPh^.OH + HIO 3 ; 

IPha.OH + HI IPh,.I IPh^.OH. 

Dipkenyltodonium hydroxide, (C6H5)2l.OH (Victor Meyer, 1894), Is a. 
caustic, jdkaline syrup, which absorbs carbon dioxide and neutralises 
acids, forming stable crystalline salts. The nitrate, IPha-NOgj-which can 
be crystallised from hot water, melts at 154° ; the sulphate and acetate 
are similar ; the iodide, IPha*!, a pale yellow crystalline substance melting 
at 176®, is polymeric with iodobenzene, into which it is suddenly de- 
composed when heated. 

The diphenyUodonium radical behaves in some respects Uke a heavy 
metaUic radical ; the sulphide, (lPh2)2S3, formed by the action of yellow 
ammonium sulphide on soluble iodonium salts, is an orange-red pre- 
cipitate resembling antimonious sulphide. 

Phi PhlCb^ . I ^ IPha.OH IPHa. 
j. ^PhlO,- > I 

dBk PhenjboQimUe : Hydiuhie tnd Axoitnide. — The dehydration product 
which is formed by warming phenyl-nitrosohydrazine with water, is also 
produced by the action of ammonia on diazobenzene perbromide. 

C6H,N< » CsHs-NBr-NBra + NH,. 

Pkmylaxoimide, CflHfi.N3 (Griess, 1867), the constitution of which 
follows from these methods of formation, is a yellow insoluble oil, of very 
penetrating and unpleasant odour j when heated under ordinary pressure 
it explodes, but it can be distilled unchanged under very low pressure. 

Phenylazoimide is the plienyl derivative of hydrazoic acid or azolmide, 
N3H. I4ke the halogen benzenes it cannot itself be hydrolysed, but 
its nitro-^ferivative, prepared from nitranUine {§ 293), is readily resolved 
by boiling potash into nitrophenol and potassium azoimide, N3.K. 

-h 2KOH ■= C6H4(N0a).GK + Ns.K + H^a 
Azoimide can itself be made in this way from guanidine. The athiruh 
hydrochloride formed by reducing nitroguanidine, NHg.CfsNH). 

(I * 3 ?), h diazo^ble in the same way as anUine, and the 
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dine~diazoniU7H chiofidcy thus formed, is resolved by caustic sdfia into 
cyanamide and sodium axoimide, from which azoimide gas is set;^e by 
acids, 

^ ^^'^^NHfNCI i N ^ NH^.CN + Ng.H + Ha 
Free hydrazine can also be made from aminoacetic acid by the diazo> 
nium reaction, ethyl diazoacetate being reduced and hydrolysed in. 
much the same way as the guanidine -diazonium compound (Curtius, 
1887). 

266, Synopsis. — Nitrosobenzene and phenylhydroxylamine 
are intermediate compounds in the reduction of nitrobenzene 
to aniline. lodosobenzene is an analogous compound in which 
the nitrogen is replaced by tervalent iodine; the ternary 
iodonium bases are similarly analogous to the quaternary 
ammonium bases. 


ifiTROSOBENZENE AND PHENYLHYDROXYDAMINE,- 




SECTION XII 


THE BENZYL-BENZOIC GROUP 

CHAPTER XlNlll 

BENZOIC ACID : THE BENZOYL RADICAL 

207 . Benzoic Acid. — The acid from which benzene derives its 
name, is a volatile substance which occurs free in gum benzoin, 
and sublimes on gently heating this natural product (i6th 
century) ; it is a typical aromatic acid. 

BenzotQ or benzene-carboxylic acid^ CqHs.COOH, is a feathery 
crystalline substance, which melts at 121°, and boils at 249'’, 
but sublimes readily far below its boiling point; it is also 
volatile with steam. The vapour is characteristically aromatic 
in odour, but irritating to the throat, * causing persistent 
coughing; it bums with a luminous and smoky flame. 

The acid is more economically extracted from the gum by boiling it with 
milk of lime, and decomposing the resulting calcium benzoate with hydro- 
chloric acid (Scheele) ; it is manufactured by heating calcium phthalate 
(§ 324) with slaked lime at a moderate temperature, or by hydrolysing or' 
hydrolytically oxidising the chlorination-products of toluene (| 280). 

The dissociation constant of benzoic acid is K— o*oo6o, so that it is 
decidedly stronger than the fatty acids ; the aryl radicals are more negative 
in character than the alkyl radicals (§§ 249, 254). 

When distilled with lime, benzoic acid is resolved into 
carbon dioxide and benzene, to which it therefore bears the 
same relation as acetic acid to methane. This relationship is 
confirmed by its preparation from the hydrocarbon by the 
cyanide synthesis, benzonitrUe being cyanobenzene. 

, QH5.COOH + CaO = CgHg + CaCOa ; 

CeHg.CN + NaOH + H2O = QHg.COONa + NH3. 

Beuzonitrile can be prepared synthetically from the hydrocarbon, not 
only through aniline by the diazonium method (Sandmeyer* 1884, § 26o)» 
but also through benzenesulphonic acid j the alkali salt of this acid is 
simply distaied with dry potassium cyanide or anhydrous potassium 
345 
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ferrocyanide (Merz, i868)» the decomposition b^g paraHd to tha 4 whftA 
occurs in the preparation of phenol from benzenesulphonic acid ($ aSiSy.:} 

^ In either case the product is purified by distillation with steam, the pure 
nitrile being extracted with ether from the distillate. 

C6H,.N2.a-*-CsH..N,.CN-i.^C„H3XN + N«: 

C„H,.SO^K + CNK = C^H^.CN + K^SOa. 

Benzonitrile can also be made by distilling benzoic acid with potassium 
or lead thiocyanate (Letts, iSya), or dehydrating benzamide with phos- 
phorus pentoxide ; it was originally obtained by distilling dry ammwuum 
benzoate* * . 

Benzonitrile or phenyl cyanide ^ CcHg.CN (Fehliiijg, 1844), is 
a colourless liquid, which resembles oil of bitter almonds 
(§2; 5) in odour, and boils at iqi'*; it was the first simple 
nitrile prepared, and furnished the name for the class.* 

When this nitrile is boiled with caustic alkali, ammonia is 
evolved in the normal manner, and on acidifying the alkaline 
residue benzoic acid is precipitated. 

CgHg-CN + NaOH + H^O = CgH^.COONa + NH3. 

The same result may be obtained more directly by heating the nitrile 
with moderately concentrated sulphuric acid, and fluting the product. 
The acid is purified by repeated precipitation by hydrochloric acid from 
alkaline solution, and finally by sublimation through filter paper between 
watch-glasses. 

Benzoic acid can also be synthesised by passing carbon dioxide into a 
solution of magnesium phenyl iodide, made by dissolving magnesium 
turnings in an ethereal solution of iodobenzene ; the oily product is 
hydrolysed by water to magnesium benzoate, from which the acid is readily 
obtained as above (Grignard, 1901). 

C6H6.MgI -H COo ^ CeHs.CO.OMgl^ CjH6.COOH 

Synthetic benzoic acid is in every respect identical with the 
, natural product, and with that prepared from the natural 
products benzaldehyde (§275) and hippuric acid (§ 271). 

268 . Acid Derivatives of Benzole Acid : the Benzoyl Badioal.— - 
Benzoic acid resembles acetic acid in most of its actions. Its 
alkali salts, such as potassium benzoate, CgHs.COOK, are 
crystalhne and soluble; the silver salt, QHg.COOAg, crystal 
lises and is anhydrous; the ferric salt, Fe(O.CO.C6H5)3, 
is a buS, pulverulent precipitate, which like ferric acetate is 
at once hydrolysed by hydrochloric acid. 

The benzoic esters resemble those of acetic acid, and may 
be made in the same way. Ethyl benzoate, CgHg.COOEt, a , 
fragrant liquid boiling at 213°, is formed by the action of 
-benzoyl chloride and caustic soda on alcohol (§270); it is 
COBveniently pj^pared by boiling an alcoholic solution of the 

■ " ■ " — . — I — —.... I i. t . " .* — '«i- 

* The prefixes nitro- and (jzo- had already beefi appropriate^' 
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acid cpn^dning hydrodiloric or sulphuric acid, excess of which 
is detrimentaL 

+ EtOH-^CflHg.COOEt + HA 

The product is poured into water, the ester separating as a heavy layer, 
which is washed, dried and fractionated in the usual way ; a further 
quantity ntay he obtained by extracting the washings with ether. 

Like acetic acid, benzoic acid forms a chloride and an 
oxide. The former, which was the first acid chloride prepared, 
is made by the action of phosphorus pentachloride on the acid. 

,^^C$H 8 .C 00 H + PCI5 = CsHb.COC 1 + HCl + POCI3. 

The two solids are shaken together until the mass is liquid, and hydrogen 
chloride ceases to be evolved, and the high-boiling benzoyl chloride is 
separated from the phosphorus oxychloride by simple fractionation. The 
chloride was originally made by direct chlorination of benzaldehyde and 
is still manufactured in this way. 

Benzoyl chloride, CgHs.COCl (Liebig, 1832), is’ a heavy, 
colourless liquid, having a pungent, oppressive, aromatic 
odour ; it boils at 198°, freezes at -1°, and has a specific 
gravity of i*2i at 20°. 

Like acetyl chloride, benzoyl chloride is hydrolysed by water, 
although much more slowly j it is unaffected by cold water, 
and only slowly by boiling water, but is dissolved by hot 
caustic soda. Similarly it interacts with alcohols and amines, 
forming benzoic esters and substituted benzamides (§ 270). 

The oxide, benzoic anhydride, is formed in a similar manner to acetic 
anhydride, by boiling benzoyl chloride with sodium benzoate, and then 
distilling the chlorine-free product. Benzoic anhydride, {CQHg.CO)^©, is 
a crystalline substance melting. at 42®. 

Whilst benzoyl chloride and benzoic anhydride are less easily hydrolysed 
than the corresponding acetyl compounds, their oxygen is more readily re- 
placed by chlorine. Benzotrichloride, CgHg-CClj, a liquid boiling at 213“, 
which is formed by the action of phosphorus pentachloride on either 
Compounds is hydrolysed by boiling water to benzoic and hydrochloric 
acids (compare § 77). Siinilarly, when heated with alcoholic sodium 
ethoxide, it is converted into eihyl orthohenzoate, CgHg.CfOEtls, ^ liquid 
which boils at 220°, and resembles ethyl orthoacetate. 

.C,Hj.CCl3 + 3 H 2 O *= CcHbXOOH + 3Ha 

As regards those actions into which it enters as a carboxylic 
acid, benzoic acid is thus very similar to acetic acid. It is 
the hydroxide of an acidic or acyl radical benzoyl, 
QH5.CO or B (benzoic and vXiq, Liebig and Wohler), which 
'vas the first acid radical recognised. ^ 

260 . Pnheiuote Aeil..— When benzoyl chloride is shaken with a con- 
centrated of hy<frogen peroxide, which has been rendered alksdlna 
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with caustic soda, it is converted mto 6^«*oyl peroxide^ (Cg{i^:CD^2 ; 
this is a sparingly soluble crystalline compound, which melts at 
then decomposes with a slight explosion. Benzoyl peroxide is converted 
by alcoholic sodium ethoxide into ethyl benzoate and sodium perhtnssoate, 
CgH5.CO.O.ONa, a white powder from which the free acid is liba;ated by 
dilute mineral acids ; it is isolated by extraction with chloroform. 

, Perhenzoic acid or benzoyl hydrogetf peroxide jCQ}i^.CO.O.OH{B 3 .ej'^,igoo]t 
is a crystalline substance which melts at 43°, and boils unstably at 
ioo"/i4 mm. ; unlike benzoyl peroxide, it has a strong, rmpleasant odour 
resembling that of hypochlorous acid. ? , : 

Perbenzoic acid is a powerful oxidising agent; it liberates . iodine 
from potassium iodide, bleaches indigo solutions, and oxidises iiniline to 
nitrosobenzene (§ 263) ; like hydrogen peroxide also, it redact silver 
oxide, losing its peroxidic oxygen ; it is similarly decomposed by man* 
ganese dioxide, and converts chromic acid into the unstable blue peroxide. 

Benzoyl peroxide interacts with acetic anhydride, forming acetyl benzoyl 
peroxide ; and similar purely aliphatic compounds have also been prepar^. 

^CaKfi-COCl + HgOg + 2 NaOH - (C6H6.C0)202 + 2 NaCl + H,0; 

(CftHfiXOlgOa + NaOEt = CeHi-COOEt + C6H6.CO:O.ONa ; 

CflHs.CO.O.OH + AgsO - CeHi-COOH + Ag^ + Oa. 

270 . Benzoylation of Alcohols and Amines. — On account oMts 
comparative stability, and by reason also of the. better defi- 
nition and higher melting points of its derivatives, benzoyl 
chloride is often used instead of acetyl chloride as a test for 
alkylic and phenolic hydroxyl. A further advantage is that as 
the benzoyl compounds are usually at most sparingly soluble 
in cold water, the benzoylation, as it is termed, can 
be carried out in aqueous solution. 

The benzoyl chloride is added to the cold solution, of the 
substance, which is then made distinctly alkaline, with caustic 
soda, shaken violently and gently warmed, the addition of 
alkali and shaking being repeated until the prodifct remains 
permanently alkaline ; the benzoylated product either crystal- 
lises on cooling, or separates as an oil which crystaUises^wben 
rubbed (Schotten, Baumann, 1 887). 

Ethyl benzoate is thus almost instantly prepared by wanning 
an* alcpholic solution of benzoyl chloride with caustic soda 
until permanently alkaline ; it separates on adding water to 
the prpduct. 

^ Eton + BzCl -f NaOH = Et.OBz + NaCI. 

Phenol may similarly be converted in aqueous solution into phenyl 
ieneoaU, C^Hs.OBz, a crystalline substance melting at 7 1 Glycerol gives 

^yceryl iribenzoate or iribenzoyl glycerol, QHgiOBz^, melting at Tb" ; 
piLanmtol is converted into hexabemoyl mannitolt CeH^fOBzlg, mating, at 
*132“ ;;\riulst from glucose, pentahenzoyl glucose, CgHjO(OB^,, 
ft is obtained. 

with aminoid compounds is similar, compounds sudb as 
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jHaniline' or benzanilide (f 271) and beiizoylamingacetic acid 
^ijippflEferacid, 1 271) being readily formed Instead of benzoyl chloride, 
phen^dacetyl cWoride (| 282) and beqzenesulphonic chloride (§ 247) are 
sometimes employed. 

+ BzCl + NaOH = R.NHBz (or RgiNBz) + NaCL 

The -proce^ of benzoylation is sometimes more readily efiected in 
alcohciic solution, in which case excess of, sodium ethoxide is substituted 
for the caustic alkali, and shaking is unnecessary (Claisen). 

271. Benzamide and Hippuric Acid.— Benzoyl chloride inter- 
acts witH ammonium carbonate or ammonia in the same way 
as, but much more rapidly than, acetyl chloride, forming the 
corresponding amide, benzamide. 

This compound is also formed synthetically by the interaction of benzene 
and chlOToformaroide in presence of aluminium chloride (§ 279), which is 
without analogy among the aliphatic compounds. 

C,H,.XOCl + NH,, ^ C;,H^CO.NH^ + CLCO.NHa 

Bemamide, CeHG.CONH2 (Liebig, 1833), is a crystalline sub- 
stance, which melts at 130°, and unlike the fatty amides is 
soluble only in boiling water. As an amide it is hydrol^ed 
to ammonia and sodium benzoate by boiling caustic soda solu- 
tion, and dehydrated to benzonitrile by distillation with 
phosphorus pentoxide. 

CeHg.COCl C^jHg.CO.NH^ CgH5.CN. 

Benzamide is converted by cold sodium hypobromite into the 5 fow- 
amide, C^Hg.CO.NHBr. which may be isolated from the acidified solution ; 
but a the alkaline product be wanned the bromamide is converted into 
anilijie,.by a process analogous to the conversion of acetobromamide into 
methylamine (§ 212). 

Benzamide forms the usual unstable compounds with acids, but on 
acebunt of the negative character of the phenyl radical its metallic deriva- 
tives are fairjy stable. The alkyl derivatives occur in two modifications, 
derived respectively from benzamide and isobenzamide (compare Imino- 
cblorides, § 227) ; the imino-ether yields ammonia and alcohol when 
hydrolysed, whereas the ethylamide gives ethylamine. 

Silver benzamide interacts with cold ethyl iodide forming hmzimino- 
Ukef, CjH5.C(OEt):NH, an unstable liquid derived from isobenzamide ; 
this is isomerised by heat, especially in presence of alkyl iodides, to the 
corresponding N-ether. Benzethylamide, CeH5.CO.NHEt, the true 
benzamide derivative, is a cryst allin e substance Which is identical with 
benzoylated ethylamine. 

The correspondmg pbenylamide, benzanilide, is readily made by benzoyl- 
ating aniline. Benzanilide, GeH5.CO.NH.CeH5, is a crystalline substance 
meRing at 165®; it is reconverted into benzoic acid and aniline when 

hydrolysed. , . 

Bhnzoyl-glycine occurs in the urine of herbivorous animals, 
at hippuric acid } it is readily obtained by 
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evaporating horses* or cows* urine to oncrsixth, and |nB:%ing 
the crude acid which crystallises out by boiling with^i^ter 
and animal charcoal. • ^ V 

Hippuric or benzoylaminoacetic acid, CeHs.COi^^H^CHa. 
COOH (Rouelle, 1773), is a colourless, crystalline substance, 
melting at 187® ; it is readily soluble in hot, but only sparingly 
in cold water, and is insoruble in light petroleum. , 

As an amide, hippuric acid is hydrolysed by boiling hydrocblw^C acid 
to benzoic acid and the complex ammonia, glycine, the benzoic add 
crystallising out on cooling {Dessaignes, 1846) ; it may be synthesised both 
by benzoylating glycine and by heating benzamide with chioracetic acid. 

■ C6H5.C0.NH.CH^.C00H ^ C,H,.COOH + NH,.CHaXOOH. 

As a monobasic acid {K= 0*0222), hippuric acid forms metallic and 
alkylic salts ; the ferric salt, precipitated by ferric chloride from a neutral 
solution of a hippurate, is a brown flocculent precipitate. Which is further 
distinguished from the corresponding benzoate by yielding ammonia when 
heated with soda-lime. * 

The corresponding phenylaminoacetic acid or pkenylglycine, CgHs.NH. 
CH^.COOH, a soluble crystalline substance melting at 127®, is similarly 
pre|)ared by heating andine with chioracetic acid and sodium acetate ; it 
has marked acid properties {K=s0-0039), and is of interest from its ready 
(X^version into indigo and related compounds (§ 337). 

272 . Benzophenone and Acetophenone ; Transformation o! 
Oximes into Anilides. — Benzoic acid further resembles acetic 
acid in that it is converted into a ketone when its calcium 
salt is distilled ; this ketone, however, is better prepared by 
the interaction of benzoyl chloride with benzene in presence 
of aluminium chloride (§ 279). 

Ca(O.CO.C6H6)2 >CO{C6H.)2^->CfiHs.COCl[OH] 4- QHg. 

Benzophenone or diphenylhetone, CgH^.CO.CeHg, is a 
fragrant crys^lline-substance, which melts at 48°, and boils 
stably at 307^. 

As a ketone it forms a hydrazone, oxime, semicarbizone, etc., all well- 
defin^ arystalUne substances ; and it is reducible to a secondary alcohol, 
beHthydrol, CflH5.CHOH,C5H5, from which it is recovered by oxidation. 
When fused with caustic potash it is reconverted into benzoic acid and 
benzene. 

A similar mixed ketone, acetophenone, is formed by distilling 
a mixture of calcium benzoate and acetate, or by the action 
of acetyl chloxide on benzene in presence of aluminium chloride, 
as well as by the various methods used in the formation of 
aliphatic jf^nes (§ 94). 

Acei^^itmone, CgHg.CO.CHg, is a fragrant, ciystalliiie sub- 
stanoe^Vbicb melts at 20® and boils at 202° { as a ketone it 
fort&^e usual cryst^lUne condensation products*^ 
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Awtopbenone reduced by sodiiun am^gcim fo a crystalline secondary 
alcohol}, phenyl indhyl carbinol. When oxidised with chromic acid, it is 
conVferted into benzoic aeid and carbon dioxide, but with alkaline perman* 
ganate the intermediate benzoylformic or phenylglyoxylic acid is also 6b- 
, taln0d’<K=6’ii), the action being parallel to the conversion of acetic acid 
. into os:aiic add by this agent {§ 122). 


- C.Hs.CHOHXHa -e C,H,.CO.CH 3 -> CJI.XO.COOH ^ C,H,.COOH 


Many similar ketones have been prepared, having either two 
aryl radicals, or one aryl and one alkyl radical; like the higher 
alkyl ketones they do not form bisulphite compounds. 

The oximes of these ketones are convertible into the isomeric 
anilides by a curious molecular transformation, in which the 
nitrogen atom enters the ke tonic chain (Beckmann, 1887). 


CgHs.C.CH. 

Acetopheno»e-oxime Acetanilide 


Acetophenone-oxime, C6H5.C(.N-OH),CH3, a crystalline substance melting 
at 60®, is formed by boiling an alcoholic solution of the ketone for two or 
three hours with the calculated quantities of hydroxylamine hydrochloride 
and caustic soda, which have previously been dissolved separately in the 
minimum amount of water ; the product, which should be acidi&ed if 
necessary, is poured into water, and the oxime is extracted with ether 
and recrystallised from alcohol or light petroleum. 

The conversion into acetanilide is effected by gradually adding phosphorus' 
pentachloride to the powdered oxime suspended in dry, alcohol-free ether ; 
the ether is distilled off, the phosphorus compound removed by shaking 
with water, and the anilide recrystallised. Benzophenone-oxime, CPh^ : 
N.OH, which melts at 140°, is similarly converted into benzaniiide. 

The transformation of oximes into anilides and analogous compounds 
may be due to a molecular rearrangement of the nitrogen chloride which is 
formed transiently by the action of the phosphorus pentachloride on the 
oxime (compare Phenyl acetyl nitrogen chloride, § 25a) ; the same trans- 
formation is effected by strong acids, especially in acetic acid solution. 
The oximes of unsymmetrical ketones, like the aldoximes, occur in stereo- 
isomeric pairi^a labile synoxime, and a stable antioxime ; it is the syn- 
oximes (§ 356) which undergo the Beckmann transformation, 

N(OH);CPh.CH , -> NCliCPli.CH, ^ NPbiCCl.CH^.^ NPh:C(OH).CH3 ; 

NPh:C;OH).CH3 =. NHPh.CO.CH3 = C„H,.NH.C0.CH3 

273 . Substitution Proiucts of Benioie Acid. — Whilst benzoic acid 
is closely parallel to acetic acid in its action as an acid, as a 
benzene derivative it resembles the juromatic hydrocarbon; 
it readily forms substitution products with nitric and sul- 
phuric acids, and the halogens. 

As will be seen later, there are three classes of di-substitution products 
of henzena the OTtho-, meta-, and para-compounds, and the direct memo- 
substitution products of benzoic acid belong mainly to the second class ; 
^ the benzaie hydrogen atoms can be substituted, however. 
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Meta-chlc«ro* and metai-bromo-benzoic acids are readily formed by direct 
action of the halogen, whilst the orthcn and para-compounds are prepared 
indirectly, either from the aminobenzoic acids (see below) by the dlazo- 
nium reaction, or by oxidising the corresponding bromotoluenes (| 313;). 

The halogen benzoic acids are colourless crystalline sub- 
stances of high melting point ; owing to the influence of the 
halogen, they are stronger acids than the parent acid. m-ChloYo- 
benzoic acid^ C6H4CI.COOH (w), melts at 153"^, K =0-0155; 
the o-add 137“, K = 0*132; m-bromobenzoic acid, 
CgH^Br.COOH (m), melts at 155°, K =0-0137; penta- 
chlorobenzoic acid, CqCI^-COOH, at 200°. 

Owing'to the presence of the electronegative carboxyl group, the halogen 
orthese acids is also more easily displaced than that of the substituted 
benzenes; hydroxybenzoic acids {§ 30S} are formed wheri the chloro- 
compounds are fused with potash (compare § 244). 

CaH^aCOOH + aKOH CsH^(OH).COOK -H KCI, 

The product obtained by nitrating benzoic acid with nitre ^ 
and sulphuric acid consists mainly of metanitrobenzoic acid 
(K =0-0345), but a certain amount of the ortho-isomeride is 
also formed ; the two acids are separated by means of their 
barium salts, the ortho-salt being much the more' soluble. 
Orthonitrobenzoic acid is more readily obtained by oxidising 
orthonitrotoluene (§316), 

o-Nitrohenzoic acid, {0) is a sweet, but acid. 

crystalline substance, melting at 147°; K =0-616. As a nitro- 
compound, it is reduced by tin and hydrochloric acid to 
the corresponding amine, orthoaminobenzpic acid. 

This, however, is more economically manufactured from phthalimide 
{§ 324) ; it is formed from this substance by the action of hypobromites or 
hypochlorites (bleaching powder), the action being analogous to the con- 
version, of acetamide into methylamine (§212). 

^ (cO ) (coOl? ^ ( COOH 

Anthranilic or o-aminobenzoic acid, (0) (Fritz- 

sche, 1841), is a crystalline substance, which melts at 
145® and can be sublimed unchanged. It is akin to glycine in 
its actions — forms unstable salts with both acids and bases 
(K =o-ooo6), is neutral to litmus, and is resolved by heat into 
aniline and c^bon dioxide. 

Anthraoilic acid differs from the aliphatic compound in that it is con- 
TOTtible not only into , the corresponding hydroxy-acid, salicylic acid 
((,308), but also by the diazonium interaction into chlorobenzoic Icid, etc.i 
and into benzoic add itself. 
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...r ,0a^t(»i)-CobH <- C6H,<NHi).COOH(o) -> + CO,. 

M^yt anthriMxte, NH2.CgH4XOOMe, is a crystalUsable on, which ii 
prtdftit iri small quantity in orange and jasmine blossom, and when much! 
diluted with,ulcdhol resembles these flowers in odour. 

^tlftamlic acid is of interest from its genetic connection with indigo 
(§ 337J» ftom which it was first prepared by distillation with potash, and 
into which it is now reconverted synthetically on a manufacturing scale. 

By reducing o-mtrobenzaldehyde (§ 277) with tin and hydrochloric 
add, anthrahil, an internal anhydride or lactame of antfcanilic acid, is 
' NH 

formed, Anthranil, ^6^4^00 , ^ ^ liquid which boils and decomposes 

at about 210°, and has a characteristic odour ; it cannot be made by 
debydratin^he acid, but is converted into it by boiling with alkalies. 

Benzoic acid is not sulphonated by ordinary sulphuric acid, but sub- 
stitution can be effected by pa^ng sulphuric anhydride vapour into the 

, SO H * 

melted acid; meiasulpkobenzoic aciW, C0H4 [m], thus formed is a 

deliquescent, crystalline substance. The ortho- and para-acids are made 
indirectly, by oxidising the toluene-sulphonic acids {§ 314). 

The iinide of orthosulphobenzoic acid, the wcll-knowa‘ 
sweet substance, saccharin, is made by oxidising orthotoluene- 
sulphonamide with potassium permanganate. 

CH rooH rn* 

CoH/so.NH,''’) ^ QH/^^^>NH(„). 

i^'Xoluenesulphor.aiBtde iJ-Benzoic sulphamide Beuzoic sulphimidc 

CO 

Saccharin or benzoic sulphimide, CgH. )NH (0) (Rem- , 

sen, 1379), is ^ crystalline substance, melting at 22 o'’ ; although 
very sparingly soluble in water, its solution is intensely sweet, 
506 tiiiies sweeter than the corresponding solution of cane- 
• * CO 

sugar., The sodium salt^ C5H4(gQ )NNa, which it forms as 

an acid iinide (§ 150), is freely soluble, and little less sweet. 

When heated with concentrated sulphuric acid at 150°, 
saccharin is hydrolysed to orthosulphobenzoic acid, a sub- 
stance having a very acid taste. 

:^ 4 h.<^>NHM+ 2 H ,0 = QH.<^+NH,. ; 

274. Synopsis.— Benzoic acid, a typical aromatic* acid, bears 
the^iatae* rdation to benzene as acetic acid to methane. It 
the aliphatic compound in most of ite actions, but 
as a benzene derivative readily forms substitution products. 

A A 
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CHAPTER XLIX 

BENZALDEHYDE : THE BEtfZAL RADICAL 

275 . Benzaldehyde and tlie Benzal Radical. — The aldehyde of 
benzoic acid is the well-known flavouring liquid, oil of 
bitter almonds. When almonds are subjected to pressure, a 
quantity of almond oil or glycerol trioleate (§133) is expressed, 
but on distilling the residue with steam, benzaldehyde and 
hydrocyanic acid pass over. These products result from the 
hydrolysis of the glu coside amygdalin (§171) by the accom- 
panying enzyme emulsin. 

Benzaldehyde is manufactured for the colour industry, etc., either by 
hydrolysing benzal chlorida (below) by heating it with water and calcium 
carbonate, or by hydrolytically oxidising benzyl chloride (§ 280}. 

The latter process may be used in the laboratory ; benzyl chloride or 
bromide is boiled in a r^ux apparatus with water and copper nitrate, 
carbon dioxide being steadily passed through the vessel to remove the 
liberated oxides of nitrogen, which would otherwise oxidise the aldehyde 
to benzoic acid. When the benzyl chloride has disappeared, the aldehyde 
is extracted with, ether, and purified by means of its crystalline bisulphite 
compound, from which it is finally liberated by dilute sulphuric acid. 

2 C(,H 6 .CHaCl + Cu(NOjl9 =, 2CeH5.CHO + NO + NO^ + CuCl* + HgO. 

Benzaldehyde, CgHs.CHO (Liebig and Wohler, 1832), is a 
colourless, lughly refractive liquid, which boils at 179“, freezes 
at “1 3®, and has the characteristic odour of essence of almonds. 

The aromatic aldehyde resembles its fatty analogues in 
most respects. It is oxidised to benzoic acid by boiling with 
dilute nitric acid, or even by exposure to air (crystals of the 
acid are slowly formed when it is kept in an imperfectly stop- 
pered bottle); and it reduces ammoniacal silver nitrate. 

Conversely, benzoic acid is easily reduced to benzaldehyde 
by distilling its calcium salt with calcium formate {§ 82)., 
CaCO.CO.CgHgls + Ca(O.CHO)2 = aCaCOg + zCgHs.CHO. 

Likje acetaldeh3rde, benzaldehyde is readily reduced to the 

3SB 
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corresponding primary alcohol; and it colours bleached 
rosaniline. Similarly with phosphorus pentachloride, or better, 
carbonyl chloride, it yields a dichloride, benzol or benzylidene 
chloride, C8H5.CHCI2, a liquid which boils at 21 and like 
ethylidene chloride, is also formed by directly chlorinating 
the boilmg monochloiide (§ 280). 

The radical CgHs-CH: is known as the benzylidene 
or benzal radical, so that . benzaJdehyde may also be 
regarded ^ benzoyl hydride or benzal oxide, 

CeHs-CHa -> GoHg.CH^Cl CeH^.CHCla ^ CeHg.CHQ. . 

276 . Additive Compounds and Condensation Products of Benz- 
aldehyde. — The additive compounds of benzaldehyde with 
sodium bisulphite and hydrocyanic acid are, similar to those 
of acetaldehyde, but the bisulphite compound is much more 
readily formed. The ammonia compound is different, as the 
aldehyde condenses with the ammonia and does not combine 
additively with it (compare, however, Formaldehyde, § 86). 

The various condensation products of benzaldehyde are 
similar to those of the aliphatic aldehydes, although more 
easily formed and better defined. The oxime, like most 
aldoximes and unsymmetrical ketoximes, exists in two 
'stereoisomeric forms {§ 356), which differ in stability. 


Hydrobenzamide, CeH5.CH(N:CH. €0115)2, which is formed as a white 
precipitate when benzaldehyde is shaken, with aqueous ammonia, is a 
crystahine substance melting at no”. 

Benzaldehyde phenylhydrazone, CgH5.CH;N.NH.C6H5, is a crystaltjne 
substance, whi(i melts at 152“, and reddens when kept. A similar 
crystalline condensation product, benzylideneaniline, CgHg.CHrN.Celfs, is 
formed by heating the aldehyde with aniline for an hour at 100° ; it can be 
recrystallised from water. Benzaldehyde-semtcarbazone, CqH 5.CH:N.NH- 
GO.NH2 (§ 227) melts at 214“. 

The labile modification of benzaldoxime is that which is obtained directly. 
Hydroxylamine hydrochloride is added slowly to an emulsion of benz* 
aldehyde in strong caustic soda ; after the action has finished, a little 
water is added, any unchanged benzaldehyde is extracted with ether, 
and the jp xtin e is precipitated with carbon dioxide. 


K.OH 


is a crystalline solid which mdts at 130® ; 


when boiled it is gradually reconverted into the stable anti-form. 
AfUibenzaldoxime, C5H5.C.H, is a crystallisable oil which boils at 


OH.N 

134V14 i in contact with adds it is converted into the labile isomeride. 

On boilmg the stable antibenzaldoxime with acetic anhydride and 
jodten acetate, it is converted into an acetate, CgHg.CHsN.OAc, but under 
mister COUcHtiens the labile syn-oxime is dehy^ated to bemmUil^ 
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The benzaldo:^es are converted into benz^dehyde pheaylhydrazone 
when digested with phenylhydrazine. 

C^*.CH0-«-^CaH4X.H C«H,.C.H 
OH.ii OAC.N 

_>.c.Hs.CN + H*0. 

N.OH 

Unlike acetaldehyde, benzaldehyde does not condense with 
itself, although it polymerises under certain conditions (see 
Benzoin, § 355) ; but it condenses in the aldol-crotonaldehyde 
manner with many substances, the molecules of which contain 
the methyl or methylene group; with acetic acid it forms 
cinnamic acid (§ 332), the aromatic analogue of crotonic acid ; 
and with acetone it yields benzylidene-aoetone. 

Btnzylidene-acetone^ CgH5.CH;CH.CO.CH3, a crystalliae substance 
melting at 43“, is precipitated by simply warming the aldehyde with 
acetone and a little caustic soda solution. 

C,H ,.CHO + CH^.CO.CH:, = CeH5.CH1CH.CO.CH, + H, 0 . 

The action of caustic soda on benzaldehyde is similar to its 
action on formaldehyde (§ 86), half the aldehyde being reduced 
to the corresponding alcohol (§280), and half oxidised to the 
acid. 

zGbHj.CHO + NaOH = CgHg.COONa + CgHs-CH^OH. 

277 . Substitutloa Products ot Benzaldehyde. — Many substitution products of 
benzaldehyde have been prepared, although rarely by direct methods, 
as the aldehyde radical itself is attacked by substituting-agents (compare 
§ 115). Benzaldehyde is thus converted into benzoyl chloride by direct 
chlorination, and the chiorobenzaldehydes, CaH^ClCHO, which are crystal- 
Usable liquids of high boUing-point (the -compound melts at 47°), are 
made indirectly, by hydrolysing chlorinated benzal chloride ( § 375), or 
oxidising chlorinated benzal-acetic (cinnamic) acid (§ 333). 

Ofthonitrobemaldehydei CgH4{N03).CH0 (0), a crystalline substance 
melting at 46“, is made s imil arly by oxidising orthonitrocinnamic acid 
(§333) with permanganate (the meta-compound alone being formed by 
direct nitration) ; it combines with acet^dehyde, forming an additive 
ccmipound from which indigo (§ 337) is precipitated by caustic soda. 

Orihoaminobenzaldehyde, C8H4(NH2).CHO(o), a crystalline substance 
melting at 35°, is formed by reducing the nitro-compound with ferrous 
sulphate and ammonia; it condenses with acetaldehyde, in presence 
of dilute caustic soda, to the aminoid compound quinoline (§ 386), the 
nucleal constituent of many of the vegetable alkaloids. 

278. Synopsis. — Benzaldehyde, the aldehyde of benzoic acid, 
is a typical aromatic aldehyde. It resembles the higher fatty 
aldehydes in most respects, but forms condensation products 
more rejuiily, and as a benzene derivative yields benzenoid 
sul^taflbii, proc^iGlai. 
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BENZALDEHYDE: THE BENZAL RADICAL. 

QH5.COOH . CeH^XHClg ^ C«H..CH. 

benzoic acid ^ ox. (hydroi.) benzylidene ^ ci toluene 




CHAPTER L 


TOLUENE : THE BENZYL RADICAL 

279 , Toluene. — As benzoic acid is related to benzene in the* 
same way as acetic acid to methane, it bears to the homo- 
logous hydrocarbon, methyl-benzene or toluene, a relation 
parallel to that which acetic acid bears to ethane. 

CflHg CgHs.COOH CgHg.CHg 

Benzene Benzoic acid Toluene 

The chief source of toluene is the unfrozen mother-liquor 
which is drained from the crystals of benzene during its 
purification (§ 243) ; it coi^titutes about 30 per cent, of 
crude commercial benzene. 

The crude toluene is purified by fractional distillation, but can only be 
separated from parafl&ns of neighbouring boiling point by means of its 
sifiphonic acid (§§ 314, 247). Toluene was first obtained in quantity by 
distilling balsam of Tolu, and can also be formed from the toluic acids 
(§ 321), and from benzene. 

Toluene or meihylhenzenej CeHs.CHs (Pelletier, 1832), is a 
light, mobile, insoluble liquid, which boils at no® and freezes 
at -94®, but otherwise resembles benzene. Its relation to 
benzene is proved by its slow oxidation to benzoic acid by 
hot, dilute nitric acid, and to benzaldehyde by chromyl 
chloride and water; the consequent presence of a methyl, 
^ well as a phenyl radical in its molecule is confirmed by 
its synthesis from methyl and phenyl compounds, 

, CaH5.COOH CeHg.CHa CeHaBr + CH3I 

In the firet synthesis, an equimol<>cular solution of bromobenzene and 
methyl iodide in dry ether is boiled in a reflux apparatus with the 
calculated amount of sodium; the addition of a few drops of ethyl 
acetate much' accelerates the action. 

As soon as the sodium is converted into sodium bromide and iodide, 
the cooled product is poured off and fractionated ; some ethane first 
escapes, formed from the methyl iodide, and then the ether passes over, 
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accompanied by a little benzene, produced by the reducti<m of the bromo- 
derivative; finally, the crude toluene distils at about IIO^ leaving a 
small residue of diphenyl (§ 353) in the flask. 'The toluene is then refeac 
tionated (Fittig, 1864). 

C,H ,Br + Na, + CH J + NaBr + Nal. 

The second method consists in passing methyl chloride vapour into a 
boiling solution of anhydrous alximiDimn chloride in benzene, when hydro- 
gen chloride is evolved in abundance, and toluene and other methyl deri- 
vatives of benzene are formed. The aluminium chloride, as in all such 
condensations, remains unchanged and acts as a carrier, forming an unstable 
intermediate compotmd with the benzene and methyl chloride (Friedel 
and Crafts, i8?y). 

C,Hs -h AlCla + CH Cl ^ C.H.XHa + AKl^ + HCL 

When hydrogen chloride ceases to be evolved, and the wei^t of the 
\>rcxiuct has increased, by an amount corresponding with, the convei^on 
of the benzene into toluene, the product is poured into water, and the 
light layer of hydrocarbon dried, and fractionated to separate unchanged 
benzene and higher homologues (§ 322, etc.). 

These syntheses are of wide appHcability; bromobenzene, 
for example, is thus convertible into ethylbenzene and propyl- 
benzene. 

280. The Benzyl Radical: Toluene as Phenyl-methane. — As 
toluene is both phenyl-methane and methyl-benzene, it shows 
the characteristie properties both of a benzenoid and a 
paraf&noid hydrocarbon. It is readily nitrated and sul- 
phonated, and when digested with chlorine in the cold and 
in presence of a carrier (preferably in the dark), forms sub- 
stitution products (§"313) which are homologous with and 
analogous in every respect to those of benzene. 

But on passing chlorine into the boiling hydrocarbon in 
daylight (and not in presence of a carrier), the action is the 
same as with ethane. The hydrogen atoms of the methyl 
group are successively replaced by the halogen; benzyl 
chloride and benzal chloride are first formed, and finally 
benzotrichloride, identical with that which is obtained from 
benzoyl chloride by the action of phosphorus pentachloride. 

^Hg.CHs CgHs.CHgCl CgHs.CHCl^ CgH5.CCl3, 

Beniyl and benzal chlorides correspond very closely with ethyl and 
ethylidene chlorides. The benzyl ‘compound is readily prepared by 
passing chlorine into boiling toluene in a reflux apparatus until the neces- 
sary increase in weight is observed. The action proceeds only in daylight, 
and a carrier must not be used, or substitution is effected in the benzene 
nucleus,; the product is simply fractionated to separate unebang^ toluene 
md bf^zal chloride. 

Bewsyl chloride^ CgHs.CHaCl (Cannizzaro, 1853); is a colour- 
insoluble liquid, which boils at 179^, and is areni^hand 
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pleasant in odour, altijough very irritating to the eyes; the 
irritating action of the bromobenzene made from commercial 
benzene in daylight is due to the presence of benzyl bromide. 

Benzyl chloride is reconverted into toluene by reduction 
with aluminium amalgam, and is easily oxidised to benzoic 
acid by boiling with dilute nitric acid ; the chlorine is therefore 
in the methyl group or side chain, as it is termed, and 
not in the benzene nucleus. 

CflHs.CHg QH5.CH2CI ^ CeHg.COOH. 

Benzyl chloride is therefore the phenyl substitution product 
jf methyl chloride ; it behaves throughout as an aliphatic 
chloride. Whilst chlorobenzene is unaffected by alkalies, 
benzyl chloride is hydrolysed by boiling with sodium carbonate 
solution, or even with water — more easily than the aliphatic 
chlorides themselves. 

The benzyl alcohol thus formed occurs naturally in various 
aromatic balsams and resins — as benzyl benzoate in balsam of 
Peru, but it is most readily obtained by the action of caustic 
soda on benzaldehydc (compare § 86), 

CoHg.CHO > CeHfi.CHaOH CeHg.CHaCl. 

On shaking this aldehyde with concentrated caustic soda solution {§276) 
heat is developed, and ultimately a permanent emulsion is formed with the 
liberated alcohol and benzoate ; after a day or so, water is added to dis* 
solve the benzoate, and the alcohol is extracted with ether and fraction- 
ated ; it is unnecessary to dry the ethereal solution. 

Benzyl alcohol, C^Hg.CHgOH (Cannizzaro, 1853), is a colour- 
less, sparingly soluble liquid, which boils at 206°, and has only 
a faint aromatic odour; it resembles the aliphatic alcohols 
in properties, and is a typical example of an aromatic 
alcohx)!. 

It is reebnverted into the chloride by phosphorus pentachloride, or even 
by heating with concentrated hydrochloric acid, and on warming with 
acetyl chloride it yields in the normal manner benzyl acetate, a fragrant liquid 
wkuih is the chief constituent of oil of jasmine ; when boiled with boric 
anhydride it is dehydrated to the corresponding ether, benzyl aher» an 
insoluble aromatic liquid, boiling at 296® ; and a similar mixed ether, 
benzyl ethyl dher, is formed by heating benzyl chloride with sodium eth- 
oxide. 

Benzyl alcohol is converted successively by mUd oxidising 
agents, such as dilute nitric acid, into benzaldehyde and 
benzoic add, i.e. an aldehyde and acid containing the same 
number of carbon atoms. It is thus a primary alcohol, the 
pheilyl substitution-product of methyl alcohol. 
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The benzyl radical, CeHs-CHa, resembles the parafl&n- 
Old radicals, and enters into combination with other radicals 
in precisely the same way as ethyl; for this reason it is 
termed an alphyl* radical. 

C6H5.CH2OH -> QHfi.CHO CeHgXOOH. 

281 . Benzylamine and Phenylnitro methane. — The primaiy 
amine, benzylamine, corresponding with benzyl chloride and 
benzyl alcohol, is closely akin to the aliphatic amines, and can 
be formed in all the ways in which the primary amines are 
made (§ 212). 

It is produced, together with di- and tribenzylamine, . when benzyl 
chloride is heated with alcoholic ammonia ; it can. be prepared by hydrolys- 
ing benzyl isocyanate with strong caustic soda solution, or by the action 
of alkalies on the bromamide of phenylacetic acid {§ 282) ; it is also formed 
by reducing benzonitrile with sodium in alcohol, or benzaldoxime with 
sodium amalgam in acid solution. 

Benzylamine^ CgHs.CHa-NHg (Mendins, 1862), is a soluble 
alkaline liquid, boiling at 183®. It is much more basic than 
aniline, and not only forms the ordinary crystalline, additive 
salts with strong acids, but even absorbs carbon dioxide. 

Like the aliphatic primary amines, benzylamine is directly 
converted into its alcohol by nitrous acid, without the 
intermediate formation of a diazonium compound. 

C6H5.CH2CI GeH5.CH2.NH2 ^ CeHe.CHjOH. 

QH5.CN — > C6H5.CH;N.0H. 

The corresponding nitro- compound, phenyl-nitromethane, is made by 
heating toluene with dilute nitric acid for many hours at 100°, or by the 
interaction of benzyl chloride and silver nitrite. It is isolated by conver- 
sion into its crystalline sodium derivative, from which it is then liberated 
by some comparatively feeble add such as acetic acid ; after extraction 
with ether, and distillation with steam, it is fractionated under reduced 
pressiue. 

C,H,.CH, -f- NO,.0H->C,H,.CH2.N02-^ CeH5.CH,a + AgNO^. 

Phenyl-nitromethane or os-nitrotoluenef C8H5.CH2.NO2 (Gabriel, 1885), is 
a colourless, uo^jj^ie liquid, which boils at i6oV35mm. ; it resembles 
Ditrobenzi^J|i.«Mlour, and is similarly reduced by tin and hydrochloric 
acid. h^r^jH^Cotsesponding amine, benzylamine. 

1^ respects, however, the toluene derivative resembles nitro* 
and is hydrolysed by hydrochloric acid at 150® to benzoic add 
:9i^ hy<koxylamine. Although a neutral substance, it slowly neutralises 
■-ijjjf^es, aijd interacts wth sodium methoxide, forming a aystalline 
sodium .emnpound; it is therefore a pseudo-acid ( §§ 259, 294). 

Spdtum phenyl-isonitromethane, CoB^.CH-NO.Oiin, is a de^ yellow. 


i.e. alkyl-pheayl* 
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crysl^lliiie substance, from which the corresponding labile isomeride is set 
free by mineral acids (compare Nitromethane, §232). Phenyl-isomiro- 
tnefhane, CgH5.CH:NO.OH (Hantzsch, 1896), is a yellow, crystalline sub- 
stance melting at 84® ; it is markedly acid in character, is ionised when 
dissolved, and as a true acid combines with dry ammonia, forming a stable 
ammoftiwn salt ; like the aliphatic nitromethanes it forms an intensely red 
ferric confound, and a nitroHc acid (§ 234) with nitrous acid ; similarly 
when reduced with sodium amalgam it is converted into henzaldoxime, 
from which it is also formed by oxidation with persulphuric acid. 

PlS^nyl-isonitromethane cannot be kept, as it slowly liquefies to the 
stabler modification, at the same time losing its colour, electrolytic con- 
ductivity and acid character, 

C^Hs.CH^.NO, ^ [C^H3.CH^.NO{OH).ONal C^H,.CH;NO.ONa NO.OH 

Piienj-laitroniethaiie Phenylhoiii:ioin;;thane 

[C,H^.CH^.NO(OH)2l i 

282 . Phenyl-acetlc and Mandelie Acids.— The difference in 
activity between benzyl chloride and chlorobenzene is equally 
well marked in the interaction w:,th potassium cyanide, by 
which benzyl cyanide, the nitrile of phenylacetic acid, is 
formed. 

CgH^.CMp + CNK = CgHg.CH^.CN + KCl. 

The benzyl chloride is simply boiled in a reflux apparatus with a solution 
of the alk^ cyanide in diluted alcohol, and the insoluble product is 
washed with water and fractionated. Benzyl cyanide also occurs in com- 
binatibn in nasturtium seeds. 

Phenylaceioniirile or benzyl cyanide, CgHg.CH^.CN, is a pungent liquid, 
which boils at 232°. When heated with caustic soda solution, or moder- 
ately concentrated sulphuric acid, ammonia is eliminated in the normal 
manner, and on cooling the product, phenyhacetic acid crystallises out; 
it may be purified by recrystallisation from hot water,' 

Phenylacetic or a-hluic acid^ CfiHg.CHa.COOH (Connizkaro, 
1855), is a crystalline substance, melting at 76® ; K=o*oo56. 
When distilled with soda-lime it is converted into toluene, 
but on boiling with dilute nitric acid it is oxidised to 
benzoic acid, the second carbon atom of the aliphatic chain 
breaking away (compare Ethylbenzene, § 334). 

CcHs.CHaCl CgHs.CHs.CISr r^Hg.CHa.COOH 

CeHg.CHa ^CeHg.COOH 

Phenylacetic acid is the aromatic analogue of propionic 
s-cid, and forms similar derivatives. Mandelie acid, the 
ft-hydroxy-acid analogous to lactic acid, is made from beiiz- 
aldehyde by*^the.cyanhydrin synthesis (§ 137). 

C8H6;CH0 C6H6.CHOH.CN ^ C6H6.CH0H.C00H. 
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When a concentrated solution of potassium cyanide is added to a paste 
of benaaldehyde sodium bisulphite, there is a vigorous action, the mass 
becomes liquid, and benzaldehyde hydrocyanide rises to the surface. 

Benzaldehyde-cyanhydrin or CeH5.CHOH.CN, is an un- 

stable oily liquid, which gives off hydrogen cyanide when heated alone, 
but when heated with concentrated hydrochloric acid in a reflux app5ffatus 
is rapidly hydrolysed to inactive mandelic acid. 

Mandelic acid^ CeHg.CHOH.COOH (Winckler, 1834), is a 
crystalline substance, melting at 118°; K=o*0756. Alt^ugh 
its molecule contains an asymmetrical nucleal atom, being 
a synthetic compound (§141) it is optically inactive; it is 
resolvable into optically active isomerides, however, by the 
usual methods, such as the fractional crystallisation of its 
cinchonine salt. 

di-Manddic and \-mandelic acids are crystalline substances 
melting at 133“, [a]o = 156“ ; when melted together, they 
recombine, forming the inactive acid, m.p, 118°. 

A partial separation is similarly effected by heating the 
** racemic ” acid with laevo-menthol (§ 349) for an hour at 
155°; the i-mandelic acid is esterified, but the /-acid is 
practically unaffected, and can be removed by shaking the 
product with dilute alkali. 

The relation of mandelic to phenylacetic acid is confirmed by its reduc- 
tion to the latter when, heated with hydriodic acid. The laevo-acid is also 
formed by direct hydrolysis of amygdalin with concentrated hydrochloric 
add, so that the glucoside is represented by the formula, CflH3.CH(CN).0. 
C£2H2 iO^ ; the active mandelic acids are rapidly racemised (§161) whefl 
heated. 

283 . Synopsis. — ^Toluene or phenyl-methane not only forms 
a series of products similar to those derived froih benzene, but 
diso a series in which the benzyl or phenylmethyl radical plays 
ute part of an alkyl radicaL 
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CHAPTER LI 

CONSTITUTION OF BENZENE 

284. The Ring Formula. — A sufficient number of aromatic 
or benzenoid compounds have now been considered to show 
that whilst in some respects they are similar to the compounds 
of the aliphatic group, they differ from them in many points. 
Although the molecule of the simplest benzenoid compound 
contains at least six carbon atoms, the relative proportion of 
elements< other than carbon is smaller than in the preceding 
groups, and the aromatic compounds are richer in this ele- 
ment and poorer in hydrogen than their aliphatic analogues. 

The benzenoid compounds rapidly interact with sulphuric 
and nitric acids, forming sulphonic and nitro -derivatives by 
substitution, whereas the paraffins practically cannot be 
sulphonated, and yield nitro-derivatives only with difficulty. 
The halogen substitution-products are also much more readily 
formed than those of the paraffins, and conversely are much 
more stable j unhke the halogen paraffins they are not directly 
oxidisable. 

Again, although homology exists, as in the aliphatic group, 
the higher compounds are distinguished from compounds such 
as sugar by the stability of the six-carbon nucleus ; in the 
oxidation of aromatic compounds there is practically no 
resting-place between this nucleus and carbon dioxide. 

1 Nevertheless, the homology of the higher aromatic compounds is the 
safne as in the aliphatic group, and, ag will be seen later, there are 
various series of compounds which are homologous with, and analogous 
in every respect to, phenol, aniline, benzoic acid, etc. 

Benzene itself might be thought, from its molecular formula, to be 
an unsaturated hydrocarbon of the diacetylene or triolefine series, but 
it riot reduce cold alkalin e permanganate like the olefines, and it 
coiSiaes addj%ely with halog^s wifh reluctance, the compounds thus 
&rmed bdng unstable, and readily reverting to the original conditio^. 
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■When under certain circumstances additive compounds are 
tormed, the number of univalent , atoms added always falls 
short of the eight, which would be required in order to convert 
the benzene derivative into a derivative of the saturated 
hydrocarbon, hexane. Benzene itself combines only with 
six atoms of hydrogen or halogen, and benzoic acid takes up 
six atoms of hydrogen {§ 289), and no more. 

■ • 

Benzene therefore cannot be an olefine or acetylene, and apart •rrom 
the fact that acetylene hydrocarbons of the same formula are known 
( § 285), and have quite different properties, it is evident that the carbon 
atoms in benzene and its derivatives must be arranged in some manner 
essentially different from the arrangements obtaining in the aliphatic 
group (Kekule). 

The assumption which best accounts for the properties of 
the aromatic compounds, is that in the six-carbon nucleus 
common to all of them, the carbon atoms are linked in a 
closed chain or ring, and that in the molecule of benzene, a 
hydrogen atom is linked to each carbon atom {Kekule, 1865). 

This ring formula is usually symbolised by a hexagon, 
a carbon atom being understood to be placed at each angle. 

H 


or 


Hexagon or Ring Formula of Benzene 

This formula accounts satisfactorily for the saturation of 
the benzene molecule by addition of only six halogen or 
hydrogen atoms ; the two remaining atoms cannot be intro- 
duced without breaking the ring, and thus setting free the 
two carbon valencies employed in completing the ring linkage. 

II Br 





HBr 

Benzene hexatroinide 

The <aly difficulty is in the disposal of the six free carbon valencies. It 



h-c"^®Ni-h 
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was originally suggested that the carbon- atoms are united by alternate 
paraffinic and olefinic bonds, ^ 

Olefinic FonnuJa 

but this is inconsistent with the virtually saturated character of benzene 
and its indifference to cold alkaline permanganate. Various modifications 
have been proposed to obviate the difficulty. In the centric or isodynamic 
formula (Aemstroug, 1887), which is now generally accepted, the surplus 
valencies are burned to be directed towards the centre of the ring, each 
carbon atom exercising a general attraction over the others. 


H 

I 



I 

H 


The Centrig Formula of Benzene 

This formula takes into account the great stability of the benzene 
nucleus (compare Fig. 24, | 326) and the reluctance with which it forms 
additive compounds. It is usual in practice, howevCT, to use the plain 
hexagon*. 

The strongest confirmation of the ring formula for benzene is the 
thorough manner in which it accounts for the isomerism of the di- and 
higher substitution products (§ 298)> but confirmation is also afforded by 
the nature of the reduction products, both of the hydrocarbon and of 
certain of its derivatives. Finally, the formula is completely justified by 
the synthesis of many benzenoid and reduced benzenoid compounds from 
open chain aliphatic compounds {§§ 287, 302, 305, etc.). 

285. Isomerides of Benzene. — Two diacetylene derivatives 
isomeric with benzene have been prepared, and, as might be 
expected (Kekul^), their properties are entirely different from 
those of the, aromatic hydrocarbon. 

Dipropargyh the first of these isomerides, can be made synthetically 
from aliyl iodide. The iodide is boiled with sodium in ethereal solution, 
and thus converted into diaUyU CH2:CH.CH2.CH2.CHiCH2 (Berthelot, 1856) 
a liquid diolefine, which boils at 59*, and has a garlic odour. Diallyl, as a 
diplefine, combines with bromine, forming a tetrabromide, a crystalline 
substance, which melts at 93°, and resembles camphor in odour. Finally, 
when this tetrabromide is boiled with alcoholic potash, it loses all its 
bnnnine as hydrogen bromide, and is converted into the diacetylene hy dro* 
carbon, dipropargyl, in the same way as ethylene brornide yid^ acetylene. 

CHamCH J ^ CH^;CH.CHa.CH*.CH:CHa 

1— >CHaBr.CHBr,CHa.CHi.CHBr.CH>r. 

CH ■ C CH0.CH..C ; CIT 

mpropargyh 0i C.CHj.CHa.C :OH (Hemy, b a 
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colottrle^ liquid, boiling at 86®. It has all the properties of 
a highly unsaturated hydrocarbon, and an acetylene deriva- 
tive; it combines readily with bromine and hydrobromic acid, 
forming respectively octobromo- and tetrabromo-hexane ; it 
forms explosive derivatives with copper and other metals, 
and is very easily oxidised r permanganate converts it into 
carbon dioxide, , and chromic acid mixture into carbon dioxide 
and oxalic acid. 

This open-chain, highly unsaturated hydrocarbon thus has 
.nothing in common with its isomeride benzene, except its 
molecular formula. 

A second isomeride of the formula CH3.C :C.C; C.CH3, is known, which 
differs from dipropargyl in that it does not form metallic compounds. 

286. Synopsis. — ^To account for the special properties of the 
aromatic compounds, it is concluded that in the six-carbon 
nucleus common to them, the carbon atoms are arranged in a 
closed chain or ring, instead of in an open chain, as in the 
ahphatic compounds. 



CHAPTER LII 


THE CYCLOPARAFFINS AND THEIR DERIVATIVES 

287 . The Naphthenes : Hexahydrobenzene.— In addition to the 
paraffins, olefines and benzenoid hydrocarbons, natural petro- 
leum contains naphthenes, hydrocarbons . which are 
isomeric with the olefines, but are paraffinoid in character, 
and at the same time closely related to benzene. 

The naphthenes are found in abundance in Caucasian and Galician 
petroleum (Beilstein, 1880) ; they are volatile liquids resembling the paraf- 
fins in odour, and when purified from benzenes and olefines are practically 
as inert ; they are unaffected by fuming nitric and pyrosulphuric acids at 
the ordinary temperatures, and are only slowly attacked by bromine. 

Similar hydrocarbons are obtained by reducing benzene and 
its homologues. When benzene is heated with excess of fuming 
hydriodic acid at 280°, it is reduced to a compound which 
has the composition of hexahydrobenzene (Wreden, 1877), 
and the properties of a naphthene (Beilstein, 1880). Hexa- 
hydrobenzene itself is readily prepared by passing dry hydro- 
gen, saturated with benzene vapour, over reduced nickel at 
180-200° (Sabatier, 1901). 

3H2 = CgH^a . 

CH CH 

Hexahydrobenzene or cyclohexane, t-^)CH2 

CjLi2 

(Baeyer, 1892), is a fragrant liquid, which boils at 81°, freezes 
at 6°, and has a specific gravity of 078 at 15°; it was first 
prepared from quinitol (below). 

. ^though isomeric with the hexylenes, it has^not the olefine 
character, but resembles the paraffins in its chemical behaviour. 
When treated with chlorine in diffused dayhght at the ordinary 
temperature it forms substitutive, and not additive products, 
and these, like the haloid paraffins are either hydroly^ or 
dehalogenised by alkalies. 

Concentrated sulphuric and nitric acids have practically 
no action on the hydrocarbon, in marked contrast to ther^ 
rapid action on olefines and benzene; &d it is slowly nitrated 

870 * 
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by dilute nitric acid at 120°, in the same way as the higher 
paraffins (§ 231). Finally, it has no action on cold, dilute 
alkaline permanganate, whereas olefines instantly reduce this 
agent {§ 104). 


' CflHiiCI or J 

CqHu + NO2.OH = CgHu-NOa + H2O. 
Chlorocyclohexane, CgH^jCl, a liquid of peculiar, penetrating odour, 
Doiling at 143°, resembles the chloroparaffins ; when oxidised with nitric 
acid, it is converted quantitatively into adipic acid (§ 152). DicMoro- 
cyi^f^xane, CHCI:(CH3)4:CHC1, boils at I94^ Bromocyclohexane^ 

Br, which is most conveniently prepared from the corresponding hydroxy- 
comjpbund (below), boils at 163“. 

AcH,.CHs A CH,.CHa AcH,.CHs,COOH 

Nitrocydokexane, CgHii.N02, a liquid boiling at 206% resembles nitro- 
benzene in odour, but like the aliphatic nitroparaffins (§ 232) forms a 
crystalline sodium compound, and a red ferric compound. It is reduced by 
tin and hydrochloric acid to the corresponding amine, aminocyclohexane, 
CgH^.NH2, a light, ammoniacal liquid boiling at i34'"> which absorbs 
carbon dioxide and resembles the aliphatic amines. 

The entire behaviour of hexahydrobenzene shows that it is 
a saturated compound ; the oxidation of its chloro-derivative 
to adipic acid indicates that it is a derivative of normal 
hexane; and its formation from benzene by a simple reduc- 
tion points to the presence of a six-carbon ring in its 
molecule. 


All these conditions are fulfilled by the above formula, in 
which the ring is formed by the linking of the terminal car- 
bon atoms of the hexane chain, and each carbon atom remains 
fully saturated, as in the paraffins. Hexahydrobenzene is 
thus cyclohexane, a cycloid paraffin, a conclusion which 
is confirmed by various syntheses (below). 

The formation of a carbon ring in the molecule makes little 
difiference to the properties of the compound {§ 288). 


CHj. CHj. CEI3. CH2.CII2. CH» CH2. CHg. CHj. CH2.CH2.CH, 


Hexane 


Cyclohexane 



c 


Uftx^cbobazeiM 


G 

H 
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Similarly, hydroxycyclohexane (below) is entirely diSferent 
from phenol in character ; it has no acid properties, and closcty 
resembles the corresponding open-chain secondary alcohols; 
like cyclohexane and the paraffins it is not affected by cold 
alkaline permanganate, and is therefore a saturated compound. 

When calcium pimelate,* CH2:{CH2.CH2 - 00 . 0 ) 2:03 <| 132), is heated, 
it is converted into a ketone, but as the two carboxyl groups co-exist 
in one molecule of the acid, the ketonic alkyl groups remain linked 
together. The resulting ketohexamethylene is reduced by sodium amal- 
gam to the corresponding secondary alcohol, hydroxycyclohexane, and 
this is converted into its iodide by hydriodic acid ; on reducing the iodide 
with a zinc-copper couple, it is converted into cyclohexane. 

Kttohexamemyhne, CH2<™^'™^>C0 (Mager, 1893) is a liquid oi 

peppermint odour, boiling at 155“. Hydroxycyclohexane or hexahydro^ 
phenoU CH2:(CH2.CH2):CHOH (Baeyer, 1893), U a crystallisable liquid 
of fusel odour, which boils at 161° ; it is also formed by reducing the cor- 
responding iodhydrin (from quinitol, § 306, and hydriodic add), and by 
hydrogenating phenol at 220° by the nickel method (above). 

When heated with concentrated hydrobromic add, hydroxycydohexane 
is converted into the corresponding bromo-compound, whilst as a second- 
ary alcohol it is reconverted into the ketone by gentle oxidation. 

Ketohexamethylene closely resembles the aliphatic ketones ; its carbon 
chain is broken in the normal manner on further oxidation, With- production 
oi adipit acid, — the only difference from an aliphatic ketone being that 
the two alkyl groups remain linked together. 



Another synthesis of hexamethylene is afforded by (aoi'-dibromohexane, 
CH2Br.[CH2l4*CH2Br, an unstable liquid of high boiling-point, which can 
be made synthetically from allyl bromide ; it is converted into cydo- 
bexane^ when heated with sodium (Perkin, jun., 1894 ; compare Tri- 
metffi^eae, § 288). Cyclohexane derivatives can also be made by a 
modmcation of the malonic add synthesis (§ 289). 



CHjXHaBr 

CHa.CH^.CHjBr 




.rw rH V CH C H 

^®^CHr.CHa 


• weitosdlc add is best made by the cyanide synth^ kosd pcntfl^ 
diehlotidet which is formed, together with b^zoni^^ 
fi p!|^ph«ttf pe&tacbloride on ^peridioe (IsSfl)* ' ~ 
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2$8. Tr>methylene and the Gycloparaffins : the Tension Hypo< 
thesis. — The saturated hydrocarbons of the type of cyclo- 
hexane form a most important connecting link between the 
aliphatic and aromatic series. The first member of this series 
is cyclopropane; it is made by debrominating irimethylene 
brofikdey an isomeride of propylene bromide which is formed 
by the action of hydrobromic acid on allyl bromide (§215). 

When trimethylene bromide is boiled with sodium, sodium bromide is 
formed, and a gas is steadily evolved, which is isomeric with propylene, 
although very different in properties. 

CHjBrXHa.CHaBr+Na, =CH2.CH,.CH^ + 2NaBc • 


CH 

Trimethylene or cyclopropane, CH2< • ^ (Freund, 1881), is 

an easily condensible gas, which burns with a smoky flame 
like propylene, but differs from it in its action with halogens 
and halogen acids. It is absorbed by bromine, very slowly, 
regenerating trimethylene bromide; and although it combines 
fairly rapidly with fuming hydriodic acid, normal propyl 
iodide is formed, instead of the secondary iodide which is 
obtained by the action of this agent on propylene. 

Trimethylene has no action on cold alkaUne permanganate 
(§ 104), and when chlorinated is converted into a substitution- 
product, dichlorocyclopropane, C3H4CI2, which differs from the 
chlor-olefines in being unaffected by nitric acid. 

It is obviously not an olefine, and the only alternative 
constitution ris that which is represented by the ring or 
cycloid formula; this not only explains the saturated charac- 
ter of the hydrocarbon (all the carbon atoms being quadriva- 
lent), but also accounts for the formation of terminally (cd-) 
substituted products when the ring is broken open. 

Triiaethylene bromide Trimethylene K-Propyl iodide 


The homologues of trimethylene are present in petroleum, and several 
of them have also been made synthetically ; they behave almost entirely 
as saturated compounds. 

Cyclopentaney CH2:(CH2)3:CH2, which is formed synthetically from calcium 
adipate, boils at 51®. Methylcyclopentane, C5H9.CH3, which boils at 73®, 
|s fcrtned by the action of hydriodic acid on benzene, probably owing to 
isomeric change ofnydohexane, with which it constitutes the hexanaphthene 
pI .petxdeum. CHadCHaliiCHg, boils at 81®; its methyl 

which boils at 97®, is kexakydrotoluene, and the prin- 
of heptanaphtheney 
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Corresponding imsaturated cycloid hydrocarbons such as the xlihyi^O’ 
benzenes and tetrahydrobenzene (§290) have also been prepared; these 
are highly reactive, unsaturated compounds, the existence of ^hich forms 
very strong evidence for the centric constitution of benzene. 

The vatying stability of saturated cycloid compounds is 
explained by a stereometric hypothesis (Baeyer, 1885-1390), 
which also accounts for the progressive instability of oleWc 
and acetylenic compounds (§§ 105, no), and throws light on 
the conditions determining the formation of lactones (§151) 
and dibasic anhydrides (§ 152). 

We have seen that the isomerism of optically active com- 
pounds (§§ 140,141), and compounds of the type of maleic and 
fumaric acids (§ 155) necessitates the assumption that the four 
valencies of the carbon atom are distributed symmetrically in 
space ; they proceed radially through the four angles of a 
tetrahedron, from the centre, at which the atom is situated. 

From this it follows that the atoms which constitute a 
carbon chain cannot lie in a straight line, but must form an 
open polygon, the angle of which is equal to the angle between 
these valency directions (compare § 326). 

As this angle is approximately 109-5°, whilst that of a 
regular pentagon is 108°, it follows that the open chain of 
M-pentane forms, without strain, very nearly a closed penta- 
gon, closely approximating to that of cyclopentane; hence 
the cycloid is practically as stable as the normal molecule, 
and the compounds are almost identical in properties. 



«t-Pentaiie 0'tf/i3-Pentane 

Similar Coiifigiiralion of Normal and Cyclopara ffinoid Compounds. 


The valencies, however, represent centres of attraction, and it is there- 
fore permissible to assume that their relative positions in space are not 
absolutely fixed, but are alterable under constraint (Baeyer). This simple 
assumption is justified by the consequences, for by its aid the apparent 
paradox of the lessened stability of double (and triple) linkages is removed ; 
molecules containing such linkages are in a highly strained ccmdition, 
whir^i can only be relieved by their reversion to the free, singly-linked form. 

The amount of resistance or “ tension ” set up by closing the above 
P^tagon is almost u^gible, the total angular, displacement of each 
Valency bdng 0-75®. Hence saturated rings of five atoms should be more 
than lay others. Cydopentane, in fact, is the most stable of the 
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cycloparafBiw ; it does not unite with bromine, and the si?*carbon naph- 
thenes are converted into its alkyl derivatives by heating with hydriodic 
acid- Similarly, 7-hydroxy-acids and 7-dicarboxylic acids form anhy- 
drides more readily than any others. 

Id. an olefinic linkage, however, the valencies are parallel, and each 
valency or direction of attraction is therefore displaced through 5475° ; 
the tipnsion thus set up is very large, and the “ring” opens with great 
ease. Although the two olefinic carbon atoms are connected by double 
valencies, the strain set up by forcing these valencies into parallel 
positions is therefore such as to reader the molecule highly unstable, and 
ready to revert to the free and stable singly-linked form. The special 
instability of olefines towards oxidising agents follows {§ 105) from a 
prdiminary additive conversion into alcohols or glycols (thereby relieving 
the strain) ; but with other additive agents the resulting single linkage 
remains intact, and the molecule is not broken up. 

Trimethylene and tetramethylene are more stable than ethylene, but 
less stable than cyclopeutane, the angles of “ tension ” being respectively 
2475“ and 975° ♦ ; hence trimethylene readily forms additive compounds, 
although not so readily as ethylene, but does not interact with cold, 
alkaline permanganate. Hexamethylene is, however, less stable than 
cyclopentane, as the coil of atoms has now to be forced open to make the 
ring ; the angle of “ tension ” is ''5'25'’.* 

On the other hand, however, it appears that in the synthesis of cycloid 
dicarboxylic acids (§ 289) from the corresponding monobrominated, open- 
chain, dicarboxylic esters, trimethylene derivatives are formed with much 
greater ease than those containing four, five and six-membered saturated 
carbon rings (Perkin, iun., 1905). 

289 , Synthetic Cyeloparafllnoid Compounds. — ^The cycloparaffins 
form alcohols, acids, amides, etc., which closely resemble, and 
are in every respect analogous to the corresponding open-chain 
paraffin derivatives. Many of these compounds have been 
made synthetically by means of ethyl malonate, and in other 
ways (Perkin, jun., 1883, et seq.). 

When trimethylene bromide' is heated in alcoholic solution with ethyl 
sodiomalonate, a double substitution is effected, and ethyl trimethylene- 
malonate is formed, a second molecule of the sodiomalonate being coa- 
verted into ethyl malonate j the substituted malonate is then converted 
into the free acid, as in the synthesis of alkylacetic acids (§ 148a). A 
better yield is obtained by substituting ethyl cyanacetate for the malonate 
(§ 148a), the mechanism of the process being very similar. 

+ 2CHNa(COOEt),->CH3<^|^)C(COOEt)a 

Tetrametkylene-dicarhoxyHc or trimethylene-malonic acid, 
CH 

CHj/^^^)C(COOH) 2, melts at 157®; the corresponding 

cymaMc derivative, C4H6(CN).COOH, melts at 70°, and 
is readily hydrolysed to the malonic acid. 

• 109-5-60®^ i09'5*-90* _ 109*5’’-I20® 

. J — . 

33a 
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When heated above its melting-point, trimethylene-malonic 
acid is resolved in the characteristic maionic fashion into 
carbon dioxide and the corresponding monocarboxylic acid 

flW 

Tetramethylene-carboxylic acid, CH2<p„^)CH.COOH {Per- 

kin, jun., 1884), is a hquid which boils at 191°, and resembles 
butyric acid in odour; it forms the usual acid derivatives. 

The acid chloride, C4H7.COCI, boils at 143®, and the acid anhydride, 
(04117.00)20, at 160® ; the ethyl ester, which is formed in theTteual way, 
boils at 160®, and is convertible into the amide, C4H7.OONH2, a crystalline 
substance melting at 138“, which’ may also be formed by disti^g the 
ammonium salt', the nitrile, C4H7.CN, formed from the amide, is a liquid 
boiling at 150®, and is hydrolysed to the acid in the normal manner. 

The amide is converted by hypobromite and alkali (§ 212) into aminO' 
cyclohutane, C4H7.NH2, a pungent alkaline oil boiling at 51®, which in turn 
is converted by nitrous acid into the alcohol, hydroxycyclobutane, C4H7.OH ; 
this is a liquid boiling at 123®, which resembles butyl alcohol in odour, and 
-is convertible into the corresponding bromide, a heavy liquid 

boiling at 104®. 

On distilling calcium tetramethylene-carboxylate with calcium formate it 
is reduced to the corresponding aldehyde, C4H7.CHO, a liquid boiling at 
1 17®, but the hydrocarbon cannot be made by distilling the sodium salt 
with lime, as a complex decomposition ensues. The corresponding 
primary cUtphoh C4H7.CH2OH, is formed by reducing the acid chloride 
with sodium in moist ether, and the amine, C4H7.CH2.NH2, an alkaline, 
ammoniacal liquid boiling at 83®, is formed by reducing the nitrile ; it 
forms the usual piatinichlQride, etc. 

Other series of cycloparaffinoid compounds have been pre- 
pared in the same way. The trimethylene derivatives are 
made from ethylene bromide; trimethylene-carboxylic acid, 
C3H5.COOH, is a liquid resembling propionic acid, and boiling 
at 190*; its ethyl ester is a fragrant liquid boiling at 93°. 

Hexametkylene-carhoxylic or hexahydrobenzoic acid, 

COOH, a crystalHne compound which melts at 28® and boils 
at 232°, resembles valeric acid in odour and acidity ; 
K = 0-0013. It is formed similarly, although in small 
quantity,, tfom pentamethylene dibromide,* but is best 
pBBpa;^ by reducing benzoic acid with sodium in amyl 
alcohc^l ; its estCr resembles ethyl valerate. 

CZ>COOH > CH,<C«-CHpcH.COOH ^ CH,<Cg;CHg 


• Pentamethylene dibromide is made from pentamethylene diamine 
({ 315) throi^h the corresponding glycol ; see also duMoride, $ 2S7. 
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H^hydraioluic acid^ CHs-C^Hifl-COOH, a crystalline solid melting at 
41®, is made by reducing o-toluic acid {§ 321) in the same manner ; a 
liquid stereoisomeride has been prepared synthetically. Analogous di- 
tri- and tetra-carboxylic acids have also been synthesised, and as a rule 
exist in stereoisomeric paS^ {compare Reduced Phthalic Acids, § 326), 

290 . Cyclo-Olefines: Partially Reduced Benzenes. — When 
chlorocyclohexane or bromocyclohexane is heated with the 
aminoid base, quinoline (§ 386), it loses an equivalent of 
hydrogen halide, and is converted into an unsaturated cycloid 
olefine, tetrahydrobenzene. 

CH CH 

Teirahydfobenzenet (Baeyer, 1894), is a 

liquid which has a somewhat alliaceous odour, and boils at 
82°; it is unstable, and like the turpentine hydrocarbons 
rapidly polymerises to a thick gum. 

_ Tetrahydrobenzene is an ethylene derivative, as it decolorises cold 
dilute alkaline permanganate, and forms with bromine an additive di* 
bromide; v.Z'dihromocyclohexane, C6H^oBr2, is an unstable oily liquid. 
The hydrocarbon further resembles certain terpenes (§350) in forming a 
crystalline nitrosochloride, CgHmNOCl, with nitrosyl chloride. When 
oxidised with nitric acid it is converted into n-adipic acid. 

^ ^ ^ CH ^.’cUBz ) ) CH3 CHa <[ ^h^OOi! ) a- 

The dichlorocyclohexanes and dibromocyclohexanes similarly 
yield dihydrobenzenes when heated with quinoline (Baeyer, 
1894) ; these, however, exist in two isomeric forms, differing 
in the position of the ethylene linkages. 

&i}^‘*‘Dikydrohemme,* CH2<(^|||q^)CH 2 {Fortey, 1898), made from 

i:4-dichlorocyclohexane (§ 287), is a light unstable liquid, which boils at 
82*, and resembles tetrahydrobenzene in odour ; it combines with bromine 
fOTming a aystalline ietrabromide, melting at 184®, and is therefore a 
diolefinic compound. 

^ A^>^‘Dihydrobenzenei (Crossley, 1904), which is pre* 

pared from tetrahydrobenzene dibtomide (above), is a liquid of strongly 
alhaceous odour, boiling at 8a® ; like its isomeride it is unstable, and slowly 
polymerises to a jelly. Pt combines readily with bromine, forming a crys- 
talline dibromi 4 e» melting at 108 which when heated with quinoline loses 
all its bromine as hydrogen bromide, and is converted into benzene. 

’Has dibromide can be further brominated, but with difficulty ; the 
second dihydrobenzgne is -in fact probably not a diolefine as represented, 
but partially benzenoid in constitution. 


* F«r ex^anaticni of this nomenclature see Reduced Phthalic Adds, 
{326. 
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A^’^-Dihydrobenzene gives a very characteristic colour reactiai with 
nitric acid, and when further oxidised with this agent is resolved into 
oxalic and succinic acids, whence its constitution. 








COOHXH..CH-.COOa , 
+ COOII.COOH ’ 


► CH-^^ )CHB| 


H H 

tr->H< >H 


Tetrahydrobenzene and the dihydrobenzenes form a com- 
plete series connecting cyclohexane with benzene, and well 
illustrate the transition from the open, paraffinoid, to the 
centric, benzenoid structure. 

The boiling-points of these hydrocarbons lie very close 
together, but their specific gravities steadily increase as the 
percentage of hydrogen diminishes ; and their other physical 
properties change in a similar way. A^'^-Dihydrobenzene is 
closely allied to benzene, whUst tetrahydrobenzene is a pure 
olefine, having the ordinary olefinic relation to the corre- 
sponding paraffinoid hydrocarbon, cyclohexane. 


Hydrocarbon 

B.p. 

Sp. gr. at 13* 

Cyclohexane ! 

81° 

0-777 

Tetrahydrobenzene i 

84" 

0-803 

Ai>®-Dihydrobenzene 

82° 

0-838 

A^*^ .Dihydrobenzene 

82^ 

0-850 

Benzene . . 

1 8:- 

0-579 


The reduced benzenes are of further interest in that they are closely 
related to certain terpenes (§ 347). Dihydfocytnene, CH3.CgHg.CHMe2 
(Baeyer, 1893), which is prepared synthetically in much the same way as 
the dihydrobenzenes, not only has the chemical character of th^ ter- 
penes, but also the. turpentine odour. 

291. Synopsis.— The cycloparaffins and their substitution 
products are saturated ring-compounds, which are intimately 
related to the normal paraffins, and closely resemble them in 
behaviour ; they are also genetically connected with the aro- 
■ matic hydrocarbons, and can be made syiTthetically from open- 
chain compounds. Several of the corresponding cyclo-olefines 
are also known. 
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. H<CZ>COOH ^ 

h U 

btauoic acid 


tetraliydrobeiizene 

slight alliaceous 
<^our (82®) 
reanilies 


oyolohezane 

kexanteikylenc ; 
kextikydrobenzen* 
fragrant liquid 

(80 le’i 


bciueoc 

(8r» 


Utrahydrobenvfne 
dii^omidt 
unstable oil 


CH<CH’cS*Br>CHB' 

dihydTvbtnzetu 
dibnmidi 
crystalline txoS*} 


A^,*dlliydrol)eiizene 

strong alliaceous 
odour (83*) 
tesinifies 


^‘;h*<ch::ch:>™Ci 
chloro-cyclohexafu 
penetrating odour 

( 143 “) 


hfdroljrsls 


HNtK PIT /CHj.COOH 
adipic acid 


®“-<ch::c 1 :>c=co®= cH.<gg>;gJ|;>CHOH^ 


hexamethylene- 
oorboxyllc acid ; 

luxahydrobenzaic acid 
val^c odour 
crystalline [ 30 ®] ( 23 s®) 


‘^'’■<c 11 ;:ch:>wooh), 
hxxoMctkylefu- 
- dkarbaxylic acid \ 
^cnianuthylew-malonic acid 
crystalline 


cyclO‘htxan»l 

kexahydrophcnoi 

fusel odour (161®) 


keiohtxameihyicm 
peppermiriC odour 

( 155 *) 


^aHg * 


« /CH,.CHBBr 
"«\CHB.CHaBr 
"iialorir penUmethylcne - 
synthesis cUbronude 


/ CHs.Cns4C0.0\«^ 
^“»\CH,.CHa.CO.O/^ 
'■ ' calcium pimelate 



SECTION XIII 


THE POLY-SUBSTITUTION PRODUCTS OF 

BENZENE 

CHAPTER LIII 

COMPLEX NITRO- AND AMINO-COMPOUNDS 

292 . Thtf Poly-Nitrobenzenes. — If in nitrating benzene, the 
hydrocarbon is poured into the acid mixture, po that it is 
always surrounded by excess of the latter, and the mass is 
heated, instead of being kept cool, three isomeric dinitro- 
benzenes are formed ; and the same compounds are produced 
in this way from nitrobenzene itself. 

CgHg.NOg + NOj.OH = CgHjNOj)^ + Hfi. 

The heavy oily product is poured into water, and a^soon as it has set to a 
crystalline mass is well washed, and repeatedly recrystallised from hot 
alcohol, in which the principal constituent, meta'dinltrobenzene, is less 
soluble than its isomerides. The ortho-compound is separated by evapor- 
ating the alcoholic mother liquor, and pouring the solution of the residue 
in'boiling nitric acid into a large excess of the cold acid ; finally, a small 
quantity of the para-conipound may be precipitated from the acid mother 
liquor with water. • 

Metadiniirohenzenef CfiH4(N02)a(#M) (Deville, 1841), crys- 
tallises in almost colourless needles, and melts at 90° ; it is 
usually y^owish from impurity. OrthodinUrohenzene melts 
at 116°, and the para-compound at 172®. All three com- 
pounds Jx>il at about 300® without being decomposed. 

Thc/dinitrobenzenes are neutral substances, which resemble 
the mononitro-compound in chemical character ; their hydrogen 
is not acidic, but one of the nitro-groups in the ortho- 
compound is detachable by hydrolysis with caustic soda, the 
aodinm salt of orthonitrophenoi (§ 294) being formed. 

W + ^NaOH = + NaNO,#«,0. . 
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Similarly a nitro-group is replaced by ethoxyl, yielding the corresponding 
nitrophendoU (compare | 254)» when either the ortho- or para-compovmd 
is heated with alcoholic sodium ethoxide ; but the meta-compound is not 
affected by alkalies. 

Although stable mder ordinary conditions, the dinitrobenzenes can be 
exploded by detonation with mercuric fulminate ; the mixture- obtained 
by nitrating crude benzene is used in blasting, under the name of ** ro« 
burite.” 

By further nitrating the dinitrobenzenes, a third nitro-group 
can with difficulty be introduced, but, no more; the meta- 
compound yields symmetrical trinitrohenzene^ melting at 121“, 
and the ortho- and para-compounds an isomeric product, 
melting at 57® (§ 299). A ieiranitrobenzene has been prepared 
indirectly from trinitrophenol. 

293 . The Nitraallines : Influence ol Substituent Groups.— By 
means of alcoholic ammonium sulphide, the agent originally 
used in the reduction of nitrobenzene, the dinitrobenzenes can 
be reduced to nitranilmes; the second nitro-group remains 
intact as long as any of the original dinitro-cbmponnd is 
present, and metanitraniline is conveniently prepared in this 
manner. 

+ 3 S. 

The alcoholic, ammoniacal solution of the dinitrobenzene fe alter- 
nately saturated with sulphuretted hydrogen, and heated on a water bath 
in a reflux apparatus, until the requisite increase in weight, due to the sul- 
phur and rfiminated water, is obtained. The product is poured into hot 
water, and the nitraniUne dissolved out from the washed precipitate with 
dilute hydrochloric acid, and reprecipitated with ammonia. It may be 
recrystaUised eiUier from hot water, or from alcoholic ammonia. 

Metanitraniline t C8H4{N02).NH2(w), (Muspratt and Hof- 
mann, 1846), crystallises in yellow needles, melts at 114®, and 
boils at 2^®, The corresponding ortho- and para-compounds 
may be made in a similar manner, but are more conveniently 
obtained by mtrating acetanilide. 

Aniline itself is decomposed by concentrated nitric acid, and 
can only be nitrated in presence of sulphuric acid, and then 
principally tHe meta-compound is formed. If, however, an 
acetyl group be introduced into the amino-group, by means of 
acetyl chloride or acetic acid, the group is protected 
from the action of the substituting agent, and substitution 
can be efiected in the benzene ring in the normal manner. 

In t^ ;Way> acetanilide can be converted into ortho- and 
Irom these the respective mtrani- 
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lines can be readily obtained ; the halogen-substituted aniMes 
ate also very conveniently prepared in this manner. 

The acetanilide is slowly added to cold fuming nitric acid, the tempera* 
ture not Tjcing allowed to rise, and the deep red solution is diluted by pouring 
on pounded ice. Water is then added, and the precipitated yellow nitro- 
compound, which consists principally of paranitracetanilide, is well washed 
and dried, and purified from the ortho-compound by washing with cold 
chloroform ; the two compounds are finally recrystallised from hot 
alcohol. 

Paranitracetanilide, C6H4(N02).NHAc {p), (Gretheh, 1875), 
crystallises in colourless needles, and melts at 207°; the ortho- 
compound forms orange plates, and melts at 78®. Like 
acetanilide, these compounds are readily hydrolysed ; after' 
boiling for a short time with concentrated hydrochloric add, 
the nitraniline can be precipitated with caustic soda. 

Orthonitraniline crystallises in orange needles, and melts 
at 71°; the para-compound is colourless, and melts at 147". 

QHs.NHa - - - -^C(;H 4 (N 02 ).NH 2 (o. p) 

CgHg.NHAc— ^C6H4(N02 ).NHAc(o, p) 

These compounds are much less basic than aniline, owing to 
the acidifying influence of the nitro-group; their salts are 
unstable, and the amino-groups of the ortho- and paxa-com- 
pounds are detachable by alkaline hydrolysis, yielding the cor- 
responding nitrophenols. The nitranilines are thus less akin 
to the amines than aniline, and more akin to the amides. 

MetanitTaniliue is the most basic of the three; the'oTtho-coitipound 
shows practically no tendency to form a hydrochloride in aqueous solution, 
although on the other; hand it has do acidic properties (compare Nitro- 
phenols, § 294). The acidifying influence of the nitro-group is considerably 
greater than that of the halogens ; this group is in fact the ;g[^ost electro- 
negative of the ordinary substituent groups, which may be arranged in 
the following order as regards their influence on the dissociation constant 
of aniline i nitro-group, carboxyl, phenyl-diazonium-group, bromine, 
chlorine, methyl, methoxyl. 

In the nitration of amino-compounds, as in their sulphonation and 
chlorination ( § 253), intermediate compounds are formed in which the 
group which eventually enters the benzene nucleus, temporarily replaces 
the amino-hydrogen ; in the case of the amines, these compounds, are 
identical with the nitramines or diazoic acids (§ 359). 

Phenylnitramine, formed by the action of nitric anhydride on aniline, 
or by dehydrating aniline nitrate with hcetic anhydride, is isomeri^d by 
mfiieral acids to a mixture of o- and ^-nitranilines ; and the substituted 
^henylni^methanes undergo a similar change (Bamberger, i$9[5)* 

> C9Hj.NH3.0.N0g -»-C,.H^.NH.NOa 
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294 . The Nitro- and Amino-Phenols.— The nitranilines are also 
converted into the nitrophenols by nitrous acid (§ 255), and 
metanitrophenol is conveniently prepared in this manner; 
it crystallises on concentrating the product. Ortho- and 
para-nitrophenol are made by directly nitrating phenol. 

+ NO.OH CeHi<™2 ^ nO^.OH + 

The phenol is simply digested with cold dilute nitric acid for a few 
hours, and the oily product, after well washing with cold water, is distilled 
with steam. The ortho-compound passes over with the 'steam, and col- 
lects with the water in bright yellow crystals, whilst the colourless para- 
compound is extracted from the tarry residue with boiling water. 

Orthoniirophenolf C6H4(N02).0H (0) {Hofmann, 1857), is a 
golden yellow, crystalline substance, which melts at 45°. It 
difiers very remarkably from its isomerides, as it has a 
characteristic odour, is sweetish in taste, and is volatile with 
steam. Metanitrophenol forms only pale yellow crystals, and 
melts at 96®, whilst paraniirophenol is colourless, and melts at 
1 14®; neither is volatile with steam, nor has any odour. 

For the same reason that the nitranilines are less basic than 
aniline, the nitrophenols are more acidic than phenol,* and 
all three compounds form stable metallic salts. Sodium 
orihonitrophenol is intensely crimson in colour, whilst the 
para-compound is golden yellow, and the meta-compound 
colourless. 


The nitrophenols are converted by phosphorus pentachloride into 
nitrochlorobenzenes, analogous to acid chlorides. The ortho* and para- 
chlorides are readily hydrolysed by caustic soda, and are converted 
by 'ammonia into The corresponding nitranilines, from which, however, 
they may also be made by the diazonium interaction. 


It is probable that o-nitrophenol is differently constituted from its 
isomerides, and is, in part at all events, a nitroic acid derivative (§ 232), 
having a quinonoid structure (§ 362), 0;C6H4: NO.OH ; the coloured 
phenolic salts are probably derived from such labile acids, whilst nitro- 
compounds such as w-nitrophenol, which are colourless or nearly colour- 
less, have the stable nitro-constitution. 

The colourless modifications or true nitrophenols appear to be pseudo- 
acids, ^alogous to phenylnitrosamine (§ 259), formonitrile (§ 205), and 
the stable nitroparaflhns (§§ 232, 281), whilst the coloured, quinonoid 
modifications contain the acid nitroTc radical, :NO.OH (compare Picric 
acid, J 295). A hydrogen atom becomes acidic only when linked to a 
doubly or triply linked multivalent atom {§§ 232, 233), its instability or 
chemical activity being apparently connected with the strained condition 
of the molecule 288). 


0;CeILtdW0.0Na 0K:.H4;N0.0H 

T 


* Kao-000043 (ortho), 0‘ooooia (para), 0^000004 (mate)* 
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By reducing the nitroph«nola, conveniently with alumi^huni 
ams^am and water, ami^phenols are obtained. 

+ 6H = QH, + 2H2O. 

^•Ammophenol is also formed quantitatively by. the isomerisiug action 
of mineral acids on phenylhydroxylamine (§ 363), and is therefore ri^ily^ 
prepared by electrolysing a solution of nitrobenzene in concentrated sUb 
phuric acid ; the nitro-group is successively reduced to the nitroso- and 
hydroximino-groups, but the action cannot proceed further, as the hydro- 
xylamine derivative is instantly isoraerised, forming p-aminophenol 
sulphate. A platinum kathode should be used. 

■ C,H5,N03'>[C,H5.NO]-»CfiH,.NHOH-»NH,.C.Hx.OH. 

The aminophenols are unstable, easily oxidised substances, 
which soon turn brown in air; they can only be distilled, even 
with steam, if air be excluded by means of carbon dioxide 
or hydrogen sulphide. On account of their reducing action 
they are used as photographic developers. 

Paraminophenolt NHa.CgH^.OH {p), a crystalline substance 
melting at 184°, is known technically as “ paramido phenol”; 
the sulphate of its methyl derivative, p-methyhminopJienolf 
NHMe.C9H4.OH (p), is known as “ metol.” 

“Glycine” is P-hydroxy^phenylglycine, OH.C6H4.NH.CH2-COOH (f»); 
" amidol ” is a salt of a diamino-phenol. 

The dihydroxy- and trihydroxy-benzenes (§| 303, 305) have a similar 
redudng action, although not so rapid or energetic; apparently any 
phenolic or amino-arylic compound, the molecule of which contains two or 
more phenolic or amino-groups, can be used as a developer in photography 
(Lum^e, 1899). 

The aminophenols form numerous derivatives, both as 
amines and as phenols. When ^-aminophenol is warmed with 
ethyl iodide and caustic soda, it is converted into the cor- 
responding phenolic ether, jp-aminophenetol'e, NH2.CeH4.OEt 
(/>), a crystalline substance of which the acetyl derivative, 
made by boiling it with glacial acetic acid, is the febrifuge 
phenacetin. 

'p-Ethoxyaceianilide or phenacetin^ OEt.C9H4.NHAc {p\ is a 
cr3retalline substance melting at 242®; the physiological pro- 
perties of acetanilide a^e much accentuated by the introduction 
of an eth«xyl-group (compare Cinchonine and Quinine, 
15399.400). 

OH,CeHi.llHj > OEt,(|H,.NHj > OEt.CtH..NHAc. 

Th« Poly-Nitrophenob : Ae(d.— The acidifying in^ 

of ttitro-grotipsHa eftpedally evident in S'-tiMtrophenol 
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or picric acid, which is readily jmade by adding a some- 
what diluted solution of phenol in concentrated sulphuric acid 
(phenol-sulphonic acid) to concentrated nitric acid. ‘ 

* After pouring into water, the semi'Crystalline product is drained and 
washed, and hnally r^rystalUsed from [hot water slightly acidified with 
sulphuric acid. When the acid is crystallised from benzene, it separ- 
ates with benzene of crystallisation ; benzene “ picraie,'* CgH2(N02)3. 
OH,CqI^, is a yellow, crystalline substance, which soon loses its benzene 
by efflorescence ; most benzenoid hydrocarbons form such compounds. 

Picric acid is also formed by oxidising with potassium ferricyanide the 
trinitrobenzene formed from m- dinitrobenzene ; and it is produced by the 
action of nitric acid on animal tissues and products, such as skin, silk, 
bom, etc. ; it was first made in this manner from silk. 

Trinitrophenol or picric acid, CbH 2(N02)3.0H (Woulfe, 1771), 
is a bright yellow, bitter, crystalline substance ( 7 rt/f/ 309 =bitter), 
which melts at 122°, and sublimes when gently heated. It is 
only sparingly soluble in cold water, but freely in hot water, 
alcohol and ether, and dyes animal fibres yellow (§ 360). 

Aqueous picric acid behaves as a well-defined, monobasic 
acid, and Recomposes alkaU carbonates, forming yellow crys- 
talline salts. Potassium pier ate is scarcely soluble in cold 
water; the ammonium salt is explosive; and the dry silver 
and lead salts are very dangerous, and explode when touched, 
" The acid itself can be hammered or melted with com- 
paratively little risk of explosion, but when detonated with 
mercuric fulminate is decomposed with great violence; it is 
used as an explosive under the name of lyddite.” 

IT Trinitrophenol itself is colourless, and probably a pssudo-acid 
(§ 259), the yellow colour being due to ionisation . and varying with 
the solvent. Whilst the aqueous solution is bright yellow, and deposits 
bright yellow crystals, the solution in concentrated hydrochloric acid 
yields an almost colourless product, and in non-ionising solvents, such as 
petroleum or liquid sulphur dioxide, the colour entirely disappears, , 

Similarly, the crystals gradually lose their colour when dried in a 
vacuum over concentrated sulphuric acid, whilst the solutions of the 
alkali picrates, which are fully ionised, are coloured very deeply. It is 
probable that the picrates, like the nitrophenolic salts, are quinonoid, 
and derived from a labile nitrotc acid, 0:C,^H2(N02)2:N0.0H {§ 394). 

The crystalline s-trinitrochlorohenzene or picryl chloride , 
C6H2(N02)3.C1, formed by the action of phospljjprus penta- 
chloride on. picric acid, has the properties of an acid chloride ; 
it is hydrolysed to picric acid by hot hydrochloric acid, and 
converted into the corresponding amide by ammonia. 

C«H2(N02)3.0H ^ C6H3(N02)3.a -> QHjfNOala.NHj 

t • I 
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Picramide or s^trinitraniline^ C8H2(N03)3.NH2, is an taange cryst^iUine 
substance, melting at 186“, which like acetamide, and unlike aniBae, is 
readily hydrolysed by caustic soda, and reconverted into the hydroxy* 
compound by nitrous add, without the mtamediate formatida of a 
diazoniura compound. 

The substituted ammonium picrates are comparatively little soluble In 
water, and are thrown, down as yellow, crystalline precipitate by the 
addition of picric acid to solutions of aminoid compounds. Eihylamntt 
n-ptopylamine and urea picraUs are appredably soluble, but the tripropyl- 
amine and aniline salts are very sparingly so, whilst alk^idal picrates, 
such as those of pentamethylene ^nune, guanidine, creatinine and the 
vegetable alkaloids, are practically insoluble in water. 

As a nitro-compound picric acid is reducible to the corresponding amino* 
compound, triamimphenol, CgHaiNHals-OH, an unstable basic substance, 
which forms stable crystalline salts with mineral adds, and a crystalline 
triacetyl derivative with acetic add. 

Besides picric acid, three other trinitrophenols are known, 
and there is reason to believe (§ 298) that two more are capable 
of existence ; similarly there should be six dinitrophenols, all 
of which are known. The trinitrophenols are made by further 
nitrating the corresponding dinitro-compounds, and these in 
turn may be prepared either from 0- or p- nitrophenol (al- 
though not from the meta-compound, see § 300), or from 
metadinitrobenzene, etc. 

The dinitrophenols resemble both picric acid and the mononitrophenols ; 
they form yellow or red alkali salts, according to their constitution, and 
when derived from o-nitrophenol are volatile with steam. 2-,4-Dinitro- 
phenol, CeH3(N02)2-OH(o, p) (Laurent, 1841), is a pale yellow, crystalline 
substance, melting at 112“, K o-oo8o ; it is made from phenol or o* or 
#>-mtropheuol by nitration with somewhat diluted nitro-sulphuiic add. 

The remaining isomerides (except the 3:5 •compound, which is formed 
by partially hydrolysing s-trinitrobenzene, § 292), are obtained by nitrat* 
ing 0- or f>-nitrophenol with fuming nitric acid, at the ordind-y tempera- 
ture ; the 2:6-compound is also formed by oxidising w-dinitrobenzene 
with alkahne ferricyanide (compare Picric add). 


THE DINITROPHENOLS. 
tSee also J 30a.) 
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296 . The Dlamino-Beiueiies.^ — By reducing the dinitrobenzenes 
or nitranilines with iron and acetic acid,, both nitro-groups 
axe attacked, and diaminobenzenes are formed. 
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The meta-compound is conveniently made in this way by slowly adding 
meta-dinitrobenzene to excess of reduced iron suspended in the calculated 
quantity of very dilute acetic acid, and is extracted from the product with 
h^ water ; after pvaporation, the semi-crystallii^ mess may be fraction •> 
ated in a stream of coal-gas. 


Metaphenylenediaminef CgH4(NH2)2 (>w) (Zinin, 1844), is a 
colourless, crystalline solid, which melts at 63®, and boils at 
287®; it soon turns brown in the air, from oxidation. It is a 
diprimary amine, and forms a crystalline hydrochloridet but 
its behaviour with nitrous acid is anomalous, as an intensely 
brown dye is formed (§ 382); this affords a convenient test for 
traces of nitrites, such as occur in drinking water. 

Orthopkenylenediamine is a similar crystalline substance, melting at 102% 
and is -best made from o-nitranUine ; it is characterised by the red colour, 
which it forms with ferric chloride in presence of acid. Paraphenylene^ 
diamine melts at 147% and is made from aminoazohenzene (§381)5 
its dimethyl derivative, par amino-dime thylaniline, is made from the 
corresponding azobenzene derivative, ori from ^-nitroso- dimethyl aniline. 

Nitrosodimethylaniline is formed by the action of sodium nitrite on a 
solution of dimethylaniline in dilute hydrochloric acid ; the reddish- 
brown hydrochloride separates at once, and after recrystaUisation is 
decomposed with sodium carbonate solution, the free base being ex- 
tracted with ether. The nitroso-radical here enters the benzene nucleus. 

Paranitrosodimethylaniline, NO.CeH4.NMe2 [P) (Baeyer, 1894), is a dark 
green, crystalline substance, melting at 85®. It is hydrolysed by caustic 
soda to dimethylamine and paranitrosophenol, N0,CgH4.0H (a colourless, 
crystalline substance which forms green ^solutions), and is reduced by 
zinc and hydrochloric arid to the corresponding amino - compound, 
paramiao-dimethylaniline. 




( 


->CeH4( 


NO (#») 
OH 


PaYaminodimetkylaniline or dimethyl-paraphenylenediaminet 
NH2.C6H4.NMe2 {p)y a crystalline substance melting at 41°, is 
of technical importance, as it is convertible into various dyes, 
such as malachite green (§ 366) and methylene blue (§ 365). 

The formation of the latter dye, which is a sulphur derivative, 
constitutes a delicate test for soluble sulphides ; its intense 
blue colour appears on the addition of the diamine hydro- 
chloride and a drop of ferric chloride to the sulphide solution. 

297 , Synopsis, — Benzene forms various poly-Substitution 
products, such as the dinitrobenzenes, the nitrahilines, the 
nitrophenols, and the phenylenediamines. These products 
fall into three distinct isomeric groups, the ortho-, the meta-, 
foA the para- compounds. 
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CHAPTER LIV 


THE ISOMERISM OF THE BENZENE POLY-SUBSTITUTION PRODUCTL 

298. The Bing Formula and Position Isomerism.— Whilst the 
three classes of di-derivatives of benzene are derived from one 
and the same hydrocarbon, the members of the separate classes 
are not interconvertible, Metadinitrobenzene can be con- 
verted into metanitraniline and metanitrophenol, but not 
directly into compounds of the ortho- and para- series. Com- 
pounds such as these cannot be metameric, neither can their 
isomerism be due to any alteration in the nucleus, since they 
are all derived from the same hydrocarbon; they are there- 
fore posi-||on isomerideS. 

The ring formula accounts in the most thorough manner for 
the existence of these three sets of products. The formula being 
symmetrical, the hydrogen atoms occupy equivalent positions, 
and only one set of mono-derivatives is to be expected. But 
as soon as a hydrogen atom is replaced by a group or atom 
of another kind, the symmetry is destroyed, and position 
isomerism becomes possible. 

In nitrobenzene two of the hydrogen atoms (2, 6) are at- 
tached to carbon atoms, adjacent to that ( i ) to which tiie nitro- 
group is linked ; two othere (3, 5) are situated at one remove, 
whilst the fifth (4) is placed at two removes from this central, 
nitrated atom. 


NO, 



Kon-equivaleoce of Unsubsututed Positions in Nttrobenzcna 

According to the position hypothesis, therefore, the three 
dinitrobenzehes are represented by the following formulae. 
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NO3 • 

ra-Dinitrobenrene t :3-DinUrobenzene ^4-DiiiitrobenzeM 

Isomerism of Disubslituted Benzenes 


As the six positions in the formula of the hydrocarbon itself are equiva- 
lent, it does not matter where the numbering is started, but it is usual to 
commence as shown in the hgure. It is to be noted that the same position* 
relations may be represented by other numbers. The 1:2 position is the 
same as 1:6, 4:5 and 2:3 ; it is the adjacent position. Similarly, the IJ3 
position is the same as 1:5, 2:4, 3:5, etc,, and the 1:4 as 3:6 and 2;5. 





. 4:5.. 

Equivalence of Relative Positions 



With regard to the higher substitution products, the samt 
reasoning indicates that there should be three classes of tri- 
derivatives, and only three (provided that the substituting 
groups are of the same kind); all conceivable arrangements 
are reducible to the 1:2:3 vicinal, 1:2:4 unsymmetrical. 
and 1:3:5 or symmetrical positions. 


Br Br Br 



1:2:3 i;2:4. , 1:3:5 

Vicinal Unsynunetncal Symmetrical 

Isomerism of Trisubstituted Benzenes 


The isomerism of the tetra-derivatives, where such exist, 
will obviously be the same as that of the di-derivative, and 
there will be no isomerism amongst the penta-derivatives or 
hexa-derivatives. 


It has been proved experimentally, by somewhat complicated methods, 
that the six hydrogen atoms in benzene itself are really equivalent, and 
that in its raono -substitution products, four atoms are arranged in sym- 
metrically disposed pairs, whilst the fifth is unique. But perhaps the most 
convincing proof of the benzene theory lies in the failure of all attempts to 
prepare niOTe than one mono-substitution product and three di-aubstitutioa 
promts of each kind. 

$199. Orientation (rf Ortho-, Meta- and Para- Oom 9 otmd^.^The 
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hypothesis being in line with the facts, it remains to determine 
which constitution is to be assigned to each of the three 
known series, or, as it is said, to determine the orientation 
of the substituted groups. The problem has been solved, 
amongst other ways, by studying the conversion of the 
dibromo- into the tribromo-benzenes (Korner, 1874). 

Of the three tribromobenzene formulae shoAvn above, the 
vicinal or 1:2:3 formula is derived from the formulae of 
1:2 and i;3-dibromobenzenes, but not from that of the i:4-com- 
pound; the unsymmetrical or 1:2:4 formula, on the other 
hand, proceeds horn all three modifications ; but the sym- 
metrical or 1:3:5 formula can only result from the sub- 
stitution of bromine in the formula of i:3-dibromobenzene. 

It follows that i;4-dibromobenzene will yield on bromination 
only one tribromobenzene, whilst the i;2 modification wiU. 
yield two, and the 1:3 modification, three tribromo-pro ducts. 


Br Br Br 



The three dibromobenzenes are known. The para -compound occurs 
as a bye-product. in the preparation of bromobenzene, but the others 
are best made from the corresponding nitranilines ; these bases are con- 
verted into the nitrobromobenzenes by the diazonium interaction } the 
nitrobromobenzenes are reduced by alcoholic ammonium sulphide (which 
does not affect the halogen) to the corresponding bromanilines ; and these, 
on furth^ subjection to the diazonium interaction, yield the dibromo- 
oompounds. 

C,KU{NHa).XOa C,HiBr,NOj CsH^BrJTHa -^CaH^Bra. 

Poradibromobemene, (§ 244), is a colourless, crystalline sub 
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stance, which melts at 89® and boils at 219®; and the ortho- 
and meta-compounds are heavy liquids boiling at about the 
same temperature. 

When orthodibromobenzcne is further brominated, it yields 
two distinct, crystalline fribromobenzenes, melting respectively 
at 87° and 44°, whilst from the bromination pr^uct of para* 
dibromobenzene, only the second of these can be obtained. 
The meta-compound on the other hand yields ' both of 
these products, and in addition a third crystalline tri- 
bromobenzene, melting at 119°, 

These experimental results may be arranged in a diagram, 
which is exactly parallel to the preceding theoretical diagram. 

Ortho- Meta- . Pani- 

Dibrpmobenzene Dibromobenzene Dibromobenzene . 







Tribromobenzene Tribromobenzene Tribiomobenzene 
• Udi 

Interconnection between the Isomeric Dibromobenzenes and Tribromobenzenes found 
by Direct Experiment 

It follows that in the ortho-compound, the bromine atoms 
occupy the 1:2 position, whilst in t)? " ' ' 

pounds they assume the 1:3 and 1:4 Symmetrical 

Br Br ' Br 

a a 0 

Br 

Orthodibromobenzene Metadibromobeiizene Paradibromobenzene 

z:2-Dibtomobenzene ii^Dlbromobenzene 1:4— Dibromobenzwje 

As these three compounds are made from the nitranilines, which are 
TOnnected genetically with the other di-derivatives, it follows further that 
iU-OTtho-, meta-, and para-compounds in general, the groups occupy 
these same positions (KSmer, 1874; compare §§310, 313, 323). 

Many otMer experimental proofs have been devised. The constitution 
of ortho-compounds follows independently from that of naphthalene 
(5 372)j and of meta-compounds from that of mesitylene {§ 329). 

The constitution of the higher derivatives follows in the 
same way. That of the tribromo-compounds is deduced from 
the above ^experimental data; the modi^Cation of highest 
meltmg-p(^t, formed from one only of liie dibromd-cpm- 
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pounds, is 1:3:5 or symmetrical (s-) tribromobenzene, 
whilst that of lowest melting-point, formed b:om all three 
dibromo-compounds, is the 1:3:4 or unsymmetrical (as-) 
modification ; the tribromo-derivative of intermediate melting- 
point is therefore 1:2:3 vicinal (w-) tribromobenzene. 

Similarly, of the two trinitrobenzenes which are known, that which is 
formed from both ortho* and pnra-dinitrobenzenes can only be the 1:2:4 
or unsjmmxetrical modification. 


NO3 NO, NO, 



Orthodinit robenzeae ar- Trinitrobenzene Paradinitrobsnzetia 


The derivative formed from metadinitrobenzene is therefore either 
the n2:3 or the 1:3:5 variety. It is this trinitxobenzene, however, 
which can be oxidised to picric acid, which in turn can be made from 
ortho- and para-nitrophenol, but not from the meta- compound. It 
follows that the nitro-groups in the acid occupy the ortho- and the 
para-positions to the hydroxyl; that is to say, they are symmetrically 
disposed. The second trinitrobenzene is therefore the 1:3:5 or symmetrical 
modification (the 1:2:3 compound is unknown) ; and picric acid is 
symmetrical or 2:4:6 trinitrophenol (1:3:5 = 2:4-<5, § 298), 


acid, and the w- ahu 
dinitrophi 


Metadini t TO 1 >e n ze ne 

11 : 3 ) 


Symmetrical 

Trinitrobenzene 

(1:3:5) 



. Paranitrophenol 
U:4) 


300. Position Taken Up by Entering Groups : their Influence.— 

Whilst nitrobenzene yields mainly meta- dinitro-benzene, 
phenol and acetanilide are converted almost exclusively into 
their para- and orthonitro-derivatives. The same is true of 
li^ogen and sulphonic substitution ; the substituting radical 
assumes either the meta-position, or the para- and ortho- 
positions to the radical already present, but rarely all thr^ 

The rule is not absolutely quantitative, for small quantities of ,the 
para- and ortho-compounds ofteu accompany the meta-derivative, and 
vice vmd ; but the greater part of the action proceeds in the one direction. 
The para-oompound is usually formed in greats quantity than the orth^ 
modificatimu 
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The position taken up is independent of the nature of the 
substituting group, and depends only on the nature of -Hie 
group already present. The substituting radical— whether 
bromine, chlorine, or the nitro- or sulphonic group — stakes up 
the para- (and ortho-) position 
when the group already present is 

halogen, amidogen, acetamidogen, hydroxyl or methyl ; 
and 

the meta-position 

when the group already in position is the 

nitro-, sulphonic, carboxyl or aldehyde radical.* 

Thus nitrobenzene yields meta-compounds, whilst bromo- 
benzene yields para- and ortho-derivatives. The rule is well 
exemplified in the formation of the trinitrobenzenes horn 
the dinitrobenzenes, and of picric acid from phenol. 

Metadinitrobenzene gives symmetrical trinitrobenzene, be- 
cause the 5-position is meta- to both the i and the 3 positions. 


NO2 NO2 



#«-DImtro benzene f-Tri nitro benzene 

Orthodinitrobenzene gives the umymmetrical comj^iwid, 
because in both cases the 4 and 5 positions are meta- to one 
or other of the nitro-groups already present 



Similarly phenol gives in the first place ortho- and para-nitrophenols. 
These then yield 1:2:4 and i: 4:6 dinitrophenols ; the nitro-group in each 
case takes up the ortho- or para-position with regard to the hydroxyl, and 
the meta-position with regard to the nitro-group. Finally both dinitro- 


• The rule may be still more concisely stated by saying that if the com- 
pound ic^ed by orfimg a hydrogen atom to the radical already present is 
readily oxidised (H-NOa,H-GOOH), the new group takes up the meta- 
podti(m. whilst if this compound is not readily oxidised (H-C1,H-6H) 
the para* (and ortho-) position is taken up (Crum Brown, 
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’ ph«ii(^ yield one and the same trinitrophenol, because the new nitro< 
, jgrcMip again occupies the meta-position with regard to the two other iutro> 
. , groups, and the ortho- and para-position with regard to the hydroxyl. 

OH OH 



The influence of a substituent group is largely dependent 
on its position (compare Hydracrylic Acid, § 138). It is 
greatest in the ortho-, and least in the meta-position, the 
para-position being intermediate. Metanitraniline is the most 
basic and orthonitraniline the least basic of the three nitra- 
lines (§ 293), or in other words, the acidifying influence of the 
nitro-group is greatest in the ortho-position. 

Similarly o-nitrophenol and oo-dinitrophenol are the most 
acid, and the m- and ww-compounds the least acid of the 
mono- and dinitrophenols (§§ 294, 295), as is shown not only 
by the relative magnitude of the dissociation constants of 
these compounds, but also by their general interactions. 

These difierences are intelligible on. stereometric grounds. Ortho- 
groups being associated with adjacent carbon atoms are separated by 
the least possible space, whilst meta-groups, which occupy the same 
relative position as the carboxyl groups of glutaric acid, are the most 
remote (compare §§ 152, 288), The difference in the remoteness of 
groups in the meta- and para -positions is well illustrated by the centric 
stereometric formula of benzenoid compounds (Fig. 24, § 326). 

For a amilar \ reason, diortho-substituted benzoic acids (e.g. the 
2:6-ti*«tiro.actd) cannot be esterified directly, nor can their esters (made 
from'the silver salt), nor their amides or nitriles be hydrolysed. This in- 
capacity is independent of the nature of the substituted groups, and is 
due to steric hindrance, the molecules of the reagent being unable 
to approach the carboxyl, etc. (V. Meyer, 1890; compare §326.) 

301. Synopsis. — The isomeric substitution-products of 
benzene kre position-isome rides, the groups in the ortho-, 
. meta- and para-compounds occupying the i : 2, i : 3 and i ; 4 
positions respectively 
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CHAPTER LV 


THE* POLYPHENOLS AND QUINONES 

302. Resorcinol. — On fusing benzene-m-disulphonic acid 
with potash, both sulphonic groups are replaced by phenolic 
hydroxyl, and a diphenol or dihydroxybenzene is formed. 

CgH^(S03K)2 + 2KOH = CgHJOH)2 + 2K3SO3. 

It is isolated in the same way as phenol itself, by extracting the acidified 
product with ether or amyl alcohol. The same substance is produced by 
fusing various resins, such as galbanum and asafoetida, with the caustic 
alkali ; it was originally obtained from w-iodophenol by the same process. 

Resorcinol or m-dikydroxyhenzenef C6H4(OH)2(w) (Komer, 
1868), is a colourless, crystalline substance, which melts at 
1 10° and boils at 276° ; it is very sweet in taste, and somewhat 
poisonous, and is freely soluble in water and alcohol; the 
solubility of phenolic compounds increases with the number 
of hydroxyl groups in the molecule. 

The benzenoid constitution of resorcinol follows from its 
synthesis, and the presence of two hydroxyl groups in its 
molecule is proved by its ready conversion into a diacetatet 
boilii^ at 278®, and a dibenzoate ^ melting at 117®. 

The phenolic character of the groups is demonstrated by 
its further conversion into monomethyl and dimethyl ethers by 
methyl iodide and aqueous potash (§ 254), and by the ready 
hydrolysis of these ethers by boUing hydriodic acid. 
CgHJOAcla ^ ^ CeH,(OH){OMe) > CgH*{OMe)3 

't u 

Further the aqueous solution is coloured (dark violet) by ferric chloride 
(a reaction common to all phenolic compounds), and yields with bromine 
water a crgptalline precipitate of iribromoresorcinol similar to tribromo* 
pbenoL 

• Benzene-m-disulphonic acid, CeH4(S03H)2(m), is a very deliquescenta 
crystalline substance, which is form^ by heating benzene with fuming 
ai^hurm acid. «. 
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The meta-constitution is proved by the formation of 
resorcinol from w-afninophenol (§ 294) by the diazonium ■ 
interaction, and by its behaviour when reduced. 

CgH.iNOal.NOafm) > 

CgH^(N 03 ).NH 2 (m) -> CeH4(N02).0H(w) > . 


That resorcinol is a meta*compourid would follow from its formation 
from the metadisulphonic acid, but that it is also formed in this way 
from the corresponding ortho* and para-compounds ; the potash fusi(»i 
method is therefore of no value as a guide to the relative positions of 
the groups {compare § 133). 

When resorcinol is digested with sodium amalgam in neutral aqueous 
solution, it is converted into dihydroresorcinol, a compound which forms 
enolic and ketonic modifications {compare § 144). Dihydroresorcinoh 
CH5:(CH2.C0)2'.CH2 or CO:CbH 7{OH) (Merling, 1893), is a crystalline 
compound melting at 106“. As an enolic compound, if forms acetyl 
and benzoyl derivatives, and reduces alkaline permanganate, yielding 
n-glutaric acid ; whilst as a ketonic compound it forms a dioxime. 






CH..COOH 

CH^.COOH 


Dihydroresorcinol Enolic modification »-Glutaric acid 


Various alkyl derivatives of dihydroresorcinol can he made synthetically 
from alkyl sodiomalonates and mesityl oxide {§§ 89, 107), and are 
similarly resolved by oxidation into dkylglutaric acids, suchr as |Sj 3 - 
dimethylglutaric acid {§343) and a^^-trimethylglutaric acid. 

Resorcinol is of technical importance, as when heated with 
phthalic anhydride it is converted into fluorescein, the mother 
substance of the eosin dyes {§ 367). 

S’Methylresorcinol or orcinolf C0H3Me(OH)2(s), which is a stable, 
crystaUine substance, melting at 107*^, is an important constituent of the 
“Utmus” lichens, in which it exists as otcinol-carboxylic acid, or its 
erythriiol ester. It is also formed synthetically, by condensing diacetylace- 
tone {§410) with baryta (Collie, 1893). 

■ 303 . Catechol and Quinol. — ^The corresponding ortho-com- 
pound, pyrocatecliin or catechol, occurs in catechu, and was 
first obtained by distilling this substance; it is best prepared 
by. distilling with hydriodic acid its monomethyl ether, 
guaiacol, a liquid occurring in quantity in beech-wood -tar. 

Catechol may also be made by fusing 0 -phenolsulphonic acid with potash 
at a low temperature (at a higher temperature resorcinol is formed) ; it is 
further produced by distilling protocatechuic acid (§ 310) with lime. 

Catechol Off o-dihydroxybenzene, C6H4{OH)2(o) (Reinsch, 
1S39), is a crystalline substance, resembling resorcinol; it 
melts at 104“, and boils at ‘245°. 

Its constitution is proved in the same way as that 
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isomeride; as a phenol it forms a coloured ferric compound, 
but the green is turned to violet and red by alkalies; the 
same reaction is given by its monomethyl ether, guaiacol 
(which still contains a phenolic group), but not by its dimethyl 
*ether, veratrol. 


iVs might be anticipated, catechol and its para-isomeride, quinol, are 
much less stable than the meta-compound ; catechol itself is very readily 
oxidised, and reduces silver in the cold, hence ife used as a developer in 
photography (§ 394) ; its solution in alkali readily absorbs oxygen from 
the air, forming dark, resinous products. When oxidised with nitrous 
acid, the benzene nucleus is broken up, and dihydroxytartaric acid (§ 160) 
is formed. 

Paradihydroxybenzene or quinol was. first obtained by 
distilling quinic acid (§311); it is best prepared by reducing 
quinone (§ 304) with sulphurous acid. 

CO:C^H^:CO + 2H 1= QOHlIC^HjqOH) 

The crude aqueous solution of quinone is saturated with sulphur 
dioxide, and the quinol extracted from the product with ether ; after re- 
crystallisation from hot water containing a little sulphurous acid, it is 
filially crystallised from hot toluene. 

Quinol or hydroquinone, CqH 4(OH)2(/?) (Wohler, 1844), is a 
crystalhne substance, melting at 169°; unlike its isomerides, 
it sublimes easily, and is comparatively sparingly soluble in 
cold water. It is reduced to benzene when distilled with zinc 
dust, and its para-constitution follows from its relation to 
quinone. 


Like resorcinol and catechol, it forms a diacetate f Cic., as well as wono- 
and dimethyl ethers ; it forms a green ferric compound, but the colour 
soon changes to yellow owing to re-oxidation to quinone. Quinol, like 
catechol, is used as a developer in photography. 

304 , Quinone and the Quinones. — Quinone was originally ob- 
tained from quinic acid (§311), but is best prepared by oxi- 
dising aniline-black with cold chromic acid mixture (Nietzki, 
1877). It is also formed from various para-compounds in this 
manner — from ^-phenylenediamiae, and />-aminophenol — and 
can be made synthetically from succinic acid (§ 306). 

C,H5.NHj^O:C,H.:0 

Powdered dichromate is slowly added to Sn ioe-cold solution of aniliae 
in dilute sulphuric acid, and in the course of twenty-four hours conv^ts 
the aniline into aniline-black ; a further quantity of dichromate is now 
added, with the same precautions as before, after which the quinone is 
extracted with ether and purifi.ed by distillation with steam ; it may be 
recrystaUjsed from light petroleum. 

As the extraction with ether peculiarly difficult, owing to the formation 
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of a persistent emulsioa mth the black fluid, it saves both time 
to reduce the crude xjuinone to ^uiaol by saturation with sulphur dipxMe^'^ 
the quinol is then easily extracted with ether, and reoxidised to quiqog^ 
by boiling with ferric cliloride. 

Quinone or •p-benso^inonet CO:(CH:CH)2:CO (Woskreseiisky,f 
1838), is a golden yellow, volatile, crystalline substance, w^h 
melts at 116'’, and sublimes freely at a somewhat highpr 
temperature. Its vapour, which is slowly evolved even at 
ordinary temperatures, possesses a characteristic irritating 
odour, and attacks the eyes and skin. 

Quinone behaves in most respects as a diolefinic diketdne ; 
as a diolefine it forms a tetrabromide, CO;(CHBr,CHBr)a:CO, 
when bromiuatcd in chloroform solution; and although it 
does not form a hydrazone, it condenses with hydroxylartiine 
to a crystalliiie monoxime and dioxitne. * 


The monoxime, however, is identical with p-nitrosophenol (§ 296), and 
quinone yields on reductiou the ditertiary hydroxy-compound, quinol, 
instead of the secondary alcohol which might be expected ; further, it is 
converted into^ ^ -dichlorobenzene by phosphorus pentachloride. These 
anomalies ' are accounted for by the influence of the benzene nucleus ; 
compounds of the quinone type bear the same relation to the true 
ketones, as the phenols to the aliphatic and aromatic alcohols. 


That quinone is a para-compound is proved by its conversion 
into ^-dichlorobenzene by phosphorus pentachloride, and by 
the reduction of its dioxime to ^-phenylenediamine ; Its 
formation from anUiae is probably due to the intervention of 
phenylhydroxylamine and p-aminophenol (§294). 
adXl ^ 0 :CZ >:0 -> OH.N; CI>:N. 0 H NH«<r^NH. 

+ __t 


Quinone itself has marked oxidising powers ; its tetrachloro-derivative, 
chloranil, which is formed by directly chlorinating it (compare action of 
bromine), or more conveniently by boiling aniline or phenol with potassium 
chlorate and hydrochloric acid, is used as an oxidising agent (§ 362). 

Chloranil or ietrachloroQuinonet C0:(CC1:CC1)2:C0, is a golden-yellow, 
crystalline substance, which sublimes without melting, and is insoluble in 
water ; the benzene nucleus is here unstable, and the compound is 
hydrolysed by caustic soda to dichloromalmc acid and dichlorethylene ; 
but it is converted into hexachlorobenzene by phosphorus pentachloride. 

. DichtoromalcTc acid 

■ Quinone Chloranil Dicldorethylcne 

Wl^ quinol is oxidised or quinone reduced, a dark ^eenish-brown 
mtomediate compound, quinhy drone, is always initially formed, which 
•XMistets of qumd in ethereakcombination with quinone. 

' Many honiologues of Guinon© have been prepared by oxi- 
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disiog su1i>stituted hom6l<^es of Ifiiline, in which the para- 
^position to the amino-group is either unoccupied, or contains 
% second ammo-group or a hydroxyl group, A few ortho- 
quindnes of special type are also known (see also §373), but 
Imeta-quinones are theoretically impossible. 


*^oluqmnonc 3 CO:C4H3Me;CO, is a golden-yellow, volatile, crystalline 
substance, which radts at 67**, and has the peculiar quinone odour. 
The three xyloquinones (from 0-, tn-, and p- xylene) are similar. 

CO CO 

(Willstatter, 1904), which is made by 

oxidising catechol with dry silver oxide in ether, differs entirely from 
the para-quinones ; It is a dark red, odourless substance, which is not 
volatile with steam, and is decomposed when heated. 


305. The l^ipheaob. — When resorcinol is fused with caustic* 
soda, hydrogen is evolved violently, and on extracting the 
acidified solution of the brown melt with ether, phloroglucinol, 
a crystaUine trihydroxybenzene is obtained. 

C,H,(0H)2 + sNaOH - CeH3(ONa)3 + 2H2O. 

The same substance is obtained in smaller yield by fusbg phenol with 
a large excess of soda ; the'oxidisiag action of potash is not nearly as great, 
and this is why it is used in the synthesis of phenol, and other “ alkali 
fusions.” Phloroglucinol was first prepared from the glucoside phloridzin 
(§ 171), in which it exists in combination with phloretic acid ; and it is also 
formed by fusing various resins with alkali. 

^Phloroglucinol or s-trikydroxybenzenCf C6H3(OH)3 (s) (Hlasi- 
wetz, 1885), is a sweet crystalline substance, which melts at 
2i8°,"and sublimes at a somewhat higher temperature. 

Its constitution is proved as in the previous cases ; it shows 
the usual properties of a phenol, forms a viditiferric compound, 
and in alkaline solution absorbs oxygen and turns brown ; 
it is convertible into a triacetate and a trimethyl ether; and its 
symmetry follows from its conversion into s-trichlorobenzene 
by phosphorus pentachloride. 


But whilst phloroglucinol is evidently s-trihydroxybenzene, it condenses 
with hydroxylamine, with simple elimiaation of three molecules of water, 
to a crystalline irioxmet C^HaliN.OHlg ; it is therefore a triketone as 
well as a triph^ol. Its ketonic character is confirmed by its reduction 
by sodium amalg ai p to the corresponding secondary dcohol, pUoro^ 
giMcifoi, CeHj{OH)3, a sweet, soluble, crystalline substance, which melts 
at 184®. bolls at about soo”, and resembles mannitol in character*, 

( Krtooic pblorcsiucinot 

D0 
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PWorogludAol, like dihydrorlfeOTcinol and, commercial etjiyl , 

is thus a mixture pf dynamic isomerides of phenolic ketonic 
tion^ or» as it is sometimes termed* a tautomeric compound (§ 144)' 

Baolic form Ketonic fomn ^ ^ 

When phloroglucinol is chlorinated, it is broken * up 
dichloracetic acid and tetraehloracetone, whilst when it js 
heated at 160° with strong caustic potash, it is similarly 
hydrolysed to acetone, acetic acid and carbon dioxide (Coihbes, 

1 894) ; in both cases the aromatic or ring compound is bfokeii 
up into open-chain aliphatic compounds. 

^^ .CHo.COyp^ j. oicnTT ~ ^ 

+ 3KOH 

Conversely, on heating ethyl malonate with ethyl, sodiomalonate, it 
condenses to ethyl phloroglucinoUdicarboxylaie, CH2:[CO.CH(C02Et)]3;CO, 
a arystalline substance from which the phenol is readily obtained py 
fusion with potash (Baeyer, 18S5 ; compare § 14b)' 


COj 


Et 


H 

* 

ch/ 


^CO CH(CO»Et), 
CO . CH{COaEl) 


'\m PTT /CO.CH(COaEt)\ pQ 

\C 0 CHa^CO.CH(CO»E 0 /‘"^ 


Na OEtiH 


OEt i 


Synthesis of Ethyl Pliloroglucinol-dIcarTjoxylate. 


The consecutive or vicinal trihydroxybenzene is obtained by 
heating gallic acid (§ 31 1 ) at 2 10®, either alone, or with glycerol 
or water; it is also formed synthetically by fusing chlorophenol- 
sulphonic acid with potash. 

Pyrogallol or v-irihydroxyhenzenet CqH3(OH)3 (u) (Scheele, 
1786), is a soft, white; crystalline substance', which melts at 
132®, and is very soluble in water and alkalies. It is a powerful 
reducing agent, and hence is used as a developer in photography ; 
its action is much slower than that of the aminoid developers 
(§294). In alkaline solution it absorbs oxygen freely and 
completely, and is used for this purpose in gas analysis. 

As a phenol, pyrogallol forms coloured products with iron 
salts — a red ferric ^ and a deep blue ferroso-ferric cotnpound. 
Its constitution is proved in a sunilar manner to that of 
phloroglucinol. 

The third or unsymmetrical trihydroxybenzene is fcamed by fusing 
quinol with soda (compare below), in the same way as phloroglucinol from 
resorcinol Hydroxyguinol 6r 2&4rihydroxybenzendt CeHalOHJa. («)» a 
QTStalHnc aubstanc^ at 134“ t U resembles its isomerides la most 
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rfiSps^t^jTjut ab^bs oxygra even in aqueous solution, and forms a greenish- 
hrbi^ ferric compound. As hydroxyquinol is derived from a para-com- 
pound, it has necessarily the unsymmetrical constitution (compare Tri- 
bromobenzenes, § 298). 

The three tetrapbwiols and the pentapheuol required by the ring 
foi^Ula have all been prepared, also the hexaphenol, a compound in- 
teresting by reason of its ready synthesis from inorganic materials. Potas- 
sium carbonyl t KgCgOg, the explosive compound formed by the direct 
uiddnof the metal with carbon monoxide in the manufacture of potassium, 
is the potassium salt of this complex phenol, and is readily converted into 
it by hydrochloric acid. 

Hexaphenol or hexahydroxybenzene, Cg(OH)g (Nietzki, 1885}, is a white 
substance, which soon oxidises and turns violet in the air. It is converted 
into a hexacetate by acetyl chloride, and is oxidised by nitric acid to the 
corresponding quinone, triquhwyU C60e( +8H2O), from which it is formed 
again by reduction with stannous chloride ; it is reduced to benzene when 
diHiiled with zinc dust. 

80 S; BedncUon Products of the Polyphenols; the Succino-Suc- 
cinic Synthesis. — When ethyl succinate is heated with finely 
divided sodium, the ethyl sodiosuccinate which is initially 
formed slowly condenses to a ring compound, ethyl succino- 
succinate ; this compound is a derivative of quinone {com- 
pare Phbroglucinol, § 3t35), and is readily converted into it ; 
and it is also a substituted hexamethylene (§ 287). 

The reduced polyphenols and quinones possess all the 
characteristics of the simpler cycloid alcohols and ketones, 
and provide additional connecting links between the aliphatic 
and aromatic compounds. Like the cycloparaffins from 
which they are derived, they are saturated ring-compounds, 
and differ from the saturated open-chain compounds only in 
the saturation of The fourth valencies of the terminal carbon 
atoms by mutual' linkage (^288). 

OZ/.CO.CHs.CHA^a.COOEt 

COOEt.CHfcCHfi.CO.OE^ 

Ethyl sodtosiiccinate 

>-COOEt.CH<^^-^^^>CH.COOEt 

Ethyl succinosuccinate 

succinosuccinate or teirahydroquinone^dicarhoxylate, CgHgOj 
(COO^t)^ (Hermann, 1882), which after some days can be precipitated 
from the above product with dilute sulphuric acid, is a colourless or bright- 
green crystalline substance, melting at I2f j it is readily hydrolysed by 
dilute adds to tetrahydroquinone, both alcohol and carbon dioxide beiog 
ehu^ated. 

' : COOEtCH(^CH 3 >CH.COOEt CH.< 3 g=gj>CH,. 

* fiUvlliioal&oiiasctiiibl TMtcbydroqtiinoM 
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Tetrakydroqutnone or para’dikefohexamethylenef CO:(CHj.CHj()a^O 
(Hermann^ 1882), is a colourless, .ocystalliae substance, melting at^ TiS* i 
its intimate relation to quinone is shown by its oxidation to that sub^ance 
by chromic acid mixture, whUst its constitution as a cydoid alip^tic 
ketone is equally well demonstrated by its reductitm^to the con^panding 
secondary alcohol, quinitol, when digested ^ with sodium am^s^i^ in. 
neutral solution. *• - . 

Quinitol, CHOH:CCH2.CH2)2;CHOH (Baeyer, 1892), is. a bitter-sweet, 
crystalline substance, which melts at 144®, and has the properties :oi a 
patafihnoid alcohol (§ 287) ; when heated with concentrated hydricdic 
acid it is converted into p-diiodocydokexane, CHI:(CH2)4:CHI, from which 
cyclohexane {§ 287) was first obtained (Baeyer, 1892}. 

The penta- and hexa-hydi^oxy-derivatives of hexamethylene 
occur in nature ; the former is the quercitol of acorns, and the 
latter the sugar, inositol, which occurs in the hejfft-muscle of 
animals, and in unripe French beans and walnut leaves. 

{‘Inositol or {‘hexahydYoxy cyclohexane^ CHOlt:(CHGH)4: 
CHOH (Scheerer, 1850), is a sweet crystalline substance, 
which melts at 253®, and like mannitol can be distilled in a 
high vacuum. 

Although isomeric with, and physically like the hexoses, inositol has 
little reducing power, and does not form a hydrazone or osazone ; nor is it 
aSected by sodium amalgam. The hydroxylic character of its oxygen is 
proved by its ready conversion into a crystalline hexacetaU when heated 
with acetic anhydride and zinc cUoride, whilst its ring constitution fe 
proved by its reduction to triiodopheaol and benzene when heated with 
hydriodic acid (Maquenne, 1887) ; and by its oxidation by concentratdd 
nitric acid to tetrahydroxyquinone. 

As an asymmetrical cbmpound, inositol occurs in three 
stereoisomeric modifications ; the active modifications, d- 
and 1-iMOsi^o/, [a]o~ifc55°, are crystalline .substances mdting 
at 247*^, which occur naturally in conifers, etc.} when melted 
together they form racemic inositol] melting at 253“. 

807 . Synopsfe. — ^The polyhydroxybenzenes'reserable phenol 
in general character, but are in most cases much more readily 
oxidised. The paradihydroxy-compound is connected with a 
ketonic substance, quinone, which differs from the^phallp 
ketones in much the same way as the phenols from the alco- 
hols. Many of these substances are synthetically connected, 
not only with benzene and its derivaSves, but also, through 
hexameitliylene compounds, with members of the paraffin 
group*.^ 
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. THE POLYPHENC^ AND QUINONL, 



H fusion (from chloro-« derivative} ; also from eallic 
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THE PHENOLIC ACIDS 

* 308 . Salicylic Acid and its Aldehyde and Alcohol, — Several 
acids are known, which bear the same relation to benzoic acid 
as the phenols to benzene, and share the characteristics both 
of the phenols and the carboxylic acids. Some of these occur 
in nature, and are used in the arts. 

Salicylic acid, which is found in the free state in certain 
species of spiraea, and as an ester (methyl salicylate) in the 
Canadian wintergreen, is manufactured synthetically from 
phenol or naphthalene ; it was originally obtained by oxidising 
the corresponding aldehyde. 

In the original form of the phenol process (Kolbe, 1874), ' 
which is the more convenient in the laboratory, dry, hnely- 
powdered sodium phenate is heated , in an oil bath at 200'’, 
and carbon dioxide is passed in under ordinary pressure. Half 
the phenol is liberated, and distils over, whilst the other half 
remains as disodium salicylate, from which the acid is set free 
by hydrochloric acid. 

zCgHg.ONa + CO2 CgH^.OH + CgH^iONaj.COONa. 

In the technical form of this process, carbon dioxide is forced under 
pressure, or introduced in the solid form, into a closed vessel containing 
sodium phenate ; on heating the phenyl sodium carbonate thus formed, it 
is transformed at 140® into sodium salicylate (compare Phenylsulphonamic 
Acid, § 253). The acid is precipitated from the cold solution by hydro* 
chloric acid, and recrystaUised from hot water (Schmitt, 1885). 

C^^.OH CgH^-ONa ^ CsHs.O.COONa ^ CeH^iOHi.COONa. 

■ Salicylic acid is now also manufactured from the correspond- 
ing amino-acid, anthranilic acid (§273), by the nitrous . acid 
interaction. 

CgH^rfCOla.-NH CgH^(NH2).COOH->- CgH,(OH).COOH 

Phthahmide Atithramlic. acid Salicylic acid ' 

The method has been known fee many years (Gerland, 1853), b^t it is 
since anthramlic acid has been manufactured from naphtitaletw, 
through phthalimide. (§ 324}, that it has been available as a ccanmercial 
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ScUicylic or o-hydroxyhenzoic acid, CoH^(OH).COOH (0) 
(Piria, 1838), is a colourless crystsilline substance, of sweetish, 
but unpleasant, acid taste, K=ro-i02; it melts at 157®, and is 
freely soluble in -hot, but only sparingly in cold water, and is 
volatile with steam. 

The salicylic acid prepared by the carboa dioxide synthesis is liable to 
contain the isomeric para-hydroxybenzoic acid, especially if the product 
has been overheated. This ia particularly noticeable with potassium 
pbenate (compare Phloroglucinol, § 305] ; at 140% the ortho -compound is 
alone produced, but above this temperature, gradually increasing amounts 
of the para-compound are formed, until at 220“ it is the sole product. 

As the physiological properties of the para-acid are different from 
those of ' the ortho-compound, natural salicylic acid is usually pre- 
ferred for medicinal purposes ; it is prepared in quantity by the alksdine 
hydrolysis of oil of winter-green, which consists chiefly of methyl salicylate 
(Cahours, 1856). The acid prepared from anthranilic acid is practically 
as pure, however, and salicylic acid may also be purified from small 
quantities of the para-acid by repeatedly crystallising the mixed lead salts 
from alcohol, in which lead salicylate is much the less soluble. 

A cetylsalicylic acid aspirin.”), CgH4(OAc).COOH, a crystalline sub- 
stance melting at 1 18®, which is formed by direct acetylation, is used 
in medicine in place of the phenolic acid. 

The aldehyde of salicylic acid was originally obtained by 
hydrolysing the glucoside kelicin, which is formed by oxidising 
the corresponding alcohol salicin (§ 171), the natural glucoside 
of the willow bark {salix). It is made synthetically by boiling 
phenol with chloroform and aqueous soda (Reimer, 1876). 
CgHg.ONa + CHCI3 -1- 2NaOH = C6 Hb{OH).CHO + sNaCl + H2O. 

The oil which separates on acidifying the chloroform product with hydro- 
chloric acid, contains also the isomeric para-compound and unchanged 
phenol, but the phenol and ortho-aldehyde are alone volatile with steam, 
and are then separable by means of the crystalline aldehyde-bisulphite. 
Salicylic add itself may be made similarly from carbon tetrachloride, 

C^H.iO-.O.C -> .O.CeHi.CHO 

Salicin Hclicin 

Salicylic aldehydet CflH4{OH).CHO (0), is a colourless, 
fragrant liquid, which boils at 196^^, and stains the skin yellow. 
It is readily oxidised to the acid by dilute nitric acid, and 
is resolved by caustic soda into sodium salicylate and the 
correspoil^g primary alcohol ; as a phenol it forms a 
coloured violet) ferric compound. 

Salicyl^^^hnl or saligenin, CgH4(0H).CH2OH (0), which occurs natur- 
in tti^glucoside salicin, is a crystalline solid, melting at 82® j it 
tesembl^ Benzyl alcohol in most of its actions, but as a phenol, forms a 
wlohred-fviolct) ferric compound. 

809- Gonstltatlon of Salicylic Acid: its Isomerides.— The rela- 
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tion of salicylic acid to phenol and benzoic ackl is «howJiLbj 
many interactions. Not only can it be made from pbe^l, 
but it is reconverted into it by distillation with lime; as a 
phenol, it forms a violet ferric compound, which unlike 
ferric phenate is also formed in alcoholic solution, jmd is 
not hydrolysed by acetic acid; like phenol also, it. is precija- 
tated by bromine water as a flocculent iribromo-compotind* 
Its carboxylic constitution is established, independently of 
its relation to benzoic acid, by its interconvertibility with 
the corresponding aldehyde and alcohol; it is convert^ into 
benzoic acid by heating with hydriodic acid, and is formed 
synthetically, not only through o-aminobenzoic acid; which 
proves its ortho'constitution, but also by fusing o-chloro- or 
o-sulphobenzoic acid with potash (compare § 244). 


OH OH NH, 

<r~^CQQH <r^COQH <^COOH 

Saiicylic acid Benzoic acid Aothranilic acid 


As a carboxylic acid, salicylic acid decomposes sodimn carbonate, 
forming sodium salicylate, whilst as a phenol this salt dissolves in caustic 
soda, forming disodium salicylate, a sweetish powder. 

CsH ,(OH).COONa (ONa).COONa 

Sodiuiii salicylate Disoaiuiu salicylate 

Similarly, it forms two sets of alkyl derivatives. When its methyl- 
alcoholic solution is treated with hydrogen, chloride gas, methyl salicyiaie 
is formed, identical with the natural ester, whilst when this ester is digested 
with methyl iodide and dry silver oxide, dimethyl salicylate is produced. 
Phetiyl salicylate {** &aiol ")is a crystalline substance melting at 43®, which 
is formed by heating salicylic acii either alone or with phenol and phos- 
phorus oxy^^^firide. “Betol” is ^‘naphthyl salicyiaie (§ 371), 

The methyl esters are colourless liquids. The first still shows phenolic 
properties, and is hydrolysed by alkalies to the acid and methyl alccdiol ; 
it is therefore an qrdin^y ester ; but the second is no longer phenolic, 
and is hydrolysed by alkalies to a-meihoxybemoic acid {K=o‘oo6o), 
frmn whii^ the methyl group is removed by boiling with by^pdic 
acid* The second ester is therefore both an ester and a phenolic ether,- 

OH OH OMe OMe 

— iCOOMe-e->w— COOH c ) ■m.i COOMe^— CXX)H 

salicylate Salicylic acid IMmethyl o^Methoxy 

salicylate bena^ acid. 



When a solution of salicylic acid in amyl alcohol is digested 
metallic sodium, it is reduced to a ketonic cyclic^^coni- 
^uhd (compare § 306), which is then h3rtirolysed to normal 
acid fEinhom, 1894) ; ^ ^ int^estmg instsmee of 

direct conv^on of an aromatic compoimd int^^ Ppeu* 
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chain compound containing the same number of carbon atoms. 

CH^H.aOH CH 2 .CH 2 .CO ^CH2.CH2.C00H 

£H:CH.C.C 00 H‘^ CH 2 .CH 2 .CH.C 00 H“^ CH2.CH2.CH2.COOH 

SaUeylic add KetohexainethyieQe^:arboxylic add n-Pimelic acid 

The meta- and para'hydroxybenzoic acids, isometic with 
salicylic acid, can be formed from the corresponding amino- 
and chlorobenzoic acids; the para-acid is also prepared from 
potassium phenate (§ 308.) 

m-Uydroxybenzoic acid melts at 200°, and at a higher tem- 
perature distils unchanged, K =; 0-0087 J ^-hydroxyhenzoic acid 
melts at 210°, K=o-oo2gi5 both acids are resolved' into phenol 
when heated with lime, but neither is coloured by ferric 
chloride, nor is volatile with steam. 

Methyl m-amino -^-hydroxybemoate (the antiseptic, " orthofonn " ), which 
is a crystaUine substance melting at 142°, is made by reducing the cor- 
responding nitro-ester ; the mtro-acid is obtained by nitrating the p- 
hydroxy-acid with dilute nitric acid. 

The methyl ether of paxahydroxybenzoic acid occurs 
naturally as anisic acid, C6H4(OMe).COOH {^), a crystalhne 
substance, which melts at 185®, K =0-0032; like the corre- 
sponding ortho-compound it is resolved by heat into carbon 
dioxide, and anisole (§ 254). 

CBH*(OMe).COOH = CgHg.OMe + CO2 

Many homologues of salicylic acid and its isomerides are possible. 
There should be ten cresotic octds, and all of these have been made ; 
some of them can be prepared by the carbon dioxide method, or 
through thdr aldehydes by the chloroform synthesis. Both of these 
methods are of very general applicability ; 0- and w-cresol each yield two 
cresotic acids and aldehydes, whilst the ^-compound yields only one, as 
the carboxyl or aldehyde group invariably assumes the ortho- or para- 
position to the phenolic group, and never the me^a-position. 

, The ortho- aldeh3Mies are aU volatile with steam, give an intense 
coloration with fwric chloride and stain the skin yellow. Similar poly-, 
hydroxyaldehydes may also be made from catechol, etc. (5 310)- 


THS CRESOLS AMD CRESOTIC AC1Q3 

Me Me 



I 

OHMMMe 

COOH 
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310. Protocatechnic Acid and its Derivatives,— The polyhydr(»^- 

benzoic acids, such as protocatechuic and gallic acids, bear & 
same relation to the polyphenols as salicylic acid to ordinary 
phenol. Protocatechuic acid occurs, , in combination wth 
phloroglucinol, in the mimosa and other plants, and is ob- 
tained by fusing catechu, kino and like resins with potash. 

Protocatechuic or iiii^-dikydroxybenzoic acid, CgH3(OH)2. 
COOH (Stenhouse, i86i), is a crystalline substance, which 
melts at 199°, and when further heated is decomposed into 
carbon dioxide and catechol; K =0-0033. Its constitutioil as 
a catechol-carboxylic acid is confirmed by its synthesis,, by 
heating the diphenol with solid ammonium carbonate, and 
by the synthesis of its aldehyde from catechol. 

OH . OH OH 

OHCZ>CHO OH<II> OH< >COOH 

Protocatecliuic Catechol Protocatechuic 

aldeliyde acid 

Protocatechuic aldehyde^ CfiH3(OH)2.CHO, which is a very soluble sub- 
stance meltiug at* 153“, is made synthetically from catechol by the 
chloroform method (§ 308). Adrenaline or epinephrinct CgH3(OH)2- 
CHOH.CH2.NHMe, the active constituent of the suprarenal gland, which 
has an extraordinary power of contracting arterioles, and thus arresting 
hamorrhagc, is a derivative of this substance. 

As an ortho-diphenol, protocatechuic acid gives a green coloration with 
ferric chloride, and, like most of the polyphenols, it reduces silver. As 
an acid, it forms salts and esters, such as methyl protocatechuate, CeHfi(OH)2. 
COOMe, which is a crystalline solid melting at 224'’. 

The flavouring matter of the vanilla fruit is one of the 
methyl-protocat echuic aldehydes. Vanillin, C6H3(OH){OMe). 
CHO, is a crystalline solid, which melts at 80°, and sublimes 
easily; it has all the properties of an aromatic aldehyde, and 
is readily converted into the corresponding alcohol and acid 
— mniliio acid— in. the usual manner. 

Its cpnstitution is established by its conversion into protocatechuic 
acid .by fusion with potash, and its hydrolysis to methyl chloride and 
protocatechuic aldehyde by hot concentrated hydrochloric add. The 
pafe-^osition of the phenolic group is determined by the volatility of the 
i^cibpound, as caily the parahydroxybenzaldehydes sublime easily. 

OMe 0?'e OH OH ^ ' 

OHmh >OHM>MCHO->OHMMCHO->OHa^MCOOH 
^uaiacol Vanillin Protocatechuic aldehyde aod acid. 

Vanillin can be syutbesised from guaiacol (methylcatechd) by the 
chlorofooa method, but is prepared technically from oil of clove§. Bu^efjd 
0t OMe.CflH3{OH).CH3.CH:CH2, the principal opn^tueat 
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(rf clQW ofl, U converted by alcoholic potash into wowg^no/, OMe-C^Hg 
i,OH).CH:CH.CH3, which is readily oxidisable to vaniUin and acetic acid. 

Va^Uin is also made technically by similarly oxidising coniterin, the 
natural glucoside of conifers. Coniferin, CeHnOs.O.CgHsiOMel.CHjCH, 
CHgOH, which is a crystalline substance mating at 185®, is oxidised by 
chromic adid mixture to glucovaniUin, a crystalline aldehyde melting at 
192®, and this is hydrolysed by acids or emulsin (§171) to vanillin and 
glucose (compare § 332). 

CeHuOs.O.CeHafOMeJXHO -s- Cr,H,,Ou + OH.CgH^tOMeJ.CHO 

GlucuvauUiiu Glucosa Vanillin 

The heliotrope ** perfume, piperoaal, which is made technically by 
oxidising safrol, CH2:0*C6H4.CH2.CH:CH2, the essential constituent of oU 
of sassafras, is methylene-protocatechuic aldehyde ; it may also be made 
synthetically by the action'^ of methylene iodide on the aldehyde, in 
presence Of alk al i (compare § 254). Metkyleneprotocatechuic aldehyde or 
piperonalt CH2:03:C6H;j.CH0, is a rrystalline substance which melts at 37®, 
and has a pleasant ^ouf of heliotrope ; it is converted into the simpler 
aldehyde by boiling with concentrated hydrochloric acid. 

milYDROXYBENZOIC ACIDS. 



0*114 o'oo3 0*052 5'o 0*009 0*108 

Catechol-carboxylic acids Resorcinol-carboxylic acids Quinol-cirboxylic acid 

There are six dihydroxybenzoic acids, the isomerism of which is identical 
with that of the dioitrophenols (§295) and nitroxylenes (§323). The 
strength of these acids is dependent on the relative position of the 
hydroxyl groups, ortho-groups having far more influence on the activity 
of the carboxylic hydrogen than similar groups in the para- or meta- 
positions (compare Nitrophenols) ; the 00 -acid is the strongest, K=5’0, 
and the mm- and mp acids the weakest, K =0-009 and 0-003. 

311 . Gallic Acid and Tannin. — ^The gallic acid from which 
pyrogallol is obtained is trihydroxybenzoic or pyrogallol- 
carboxylic acid; it occurs in tea and in oak-galls, and is 
prepar^ by hydrolysing tannin with dilute sulphuric acid. 

Gallic acid, C5H3{OH)3.COOH (i: 3 : 4 j 5 ) (Scheele, 1785), is a 
white silky, crystalline substance, which is freely soluble in 
water, and astringent and slightly acid in taste, K =0-004 J it 
melts at 220®, and at the same time decomposes into pyro- 
gallol and carbon dioxide. 

CeH2(OH)3.COOH = C3H3(OH)3 + CO3 

As a phenol, gallic acid forms a black ferric compound, which 
in association with blue colouring matters such as indulines 
Off liable indigo-derivatives forms Ihe basis of blue-black 
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inks; as a polyphenol it easily reduces silver and ]gold, an^ 
absorbs oxygen in alkaline solution. 

. The soluble, faintly-colored is quite stable inaad solution, 
' but. as the acid is gradually neutralised by the alkali of the paper, it is 
o^dised to the insoluble ferric compound, and the blue ink blioomes per- 
manently black. 

. When gallic acid is warmed with concentrated sulphuric acid, it is con- 
densed to rufigallic acidt a characteristic, insoluble, scarlet compound 
allied to allz^in (§ 376). 

. As a triphenol, gallic add forms a crystalline triacet^l den- 
vative, and its constitution as pyrogallol-carboxylic add is 
confirmed by its synthesis by fusing bromoprotocatechuic acid 
wth potash. 

Br OH OH 

OH<II>COOH > OHCZ^COOH ->OH<Z> 

OH OH . OH 

Sromoprotocatechuic acid Gallic a{:Id Pyrogallol 

Gallic acid, like protocatechuic acid, is one of the weakest of its class, 
owing to the absence of hydroxyl groups iu the ortho-position to the 
carboxyl. The isomeric i :v.y,i[-pyrogallol-carboxylic acid is much stronger 
(K -0*055), and phloroglucinol-carboxylic acidy in which two hydroxyl 
groups are in the ortho-position to the carboxyl, is a powerful acid 
(K=a*i). 

The astringency of overdrawn tea and similar vegetable 
extracts, is due to tannin, a substance which is closely allied to 
gallic add; it constitutes about half the weight of oak-galls 
(** oak-apples^”). 

. As it is exceedingly soluble in water, but insoluble in alcohol and ether, 
it is readily extract^ from the powdered galls by shaking them with a 
mixture of ordinary alcohol and ether. The acid dissolves in the water, 
of the alcohol, and separates as a heavy solution, from which it is repre- 
cipitated on concentration. After sevec^ recrystallisations the product 
becomes colourless. 

Tmnin or gallotamic acidy C^^Hj^j0g-{-2H20, is a light, 
amorphous substance, having a very characteristic and not 
unfragrant odour; it very soluble, and the solution is in- 
tensely astringent. Like gallic acid, tannin forms a black 
coloration or precipitate with iron salts, which forms the basis 
of ordinary ink ; infusion of galls was used by the Romans to 
detect the adulteration of verdigris with green vitriol. ^ 

Tannin is distinguished from gallic acid by forming a 
:flocc\dbnt predpitate with cold gelatine solution (§224); it 
(QCnn^es in ttiia way with hides and skins, — raw hide com- 
c|^y abstracts the ad 4 from its solution. The complex 
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compoimds thus formed are insoluble in water, and render 
hide resistant to the latter — leather; the tannic acid from 
oak-bark is usually employed for this purpose. 

The constitution oi tannin is proved by its hydrolysis to gallic acid by 
dilute sulphuric acid, and by its synthesis from this acid by heating it with 
phosphorus oxychloride. The presence of the five hydroxyl groups is 
confirmed by the formation of a pentacetyl derivative^ a crystalline sub- 
stance melting at aio”. 

C,H,(OH)j.CO.O.C6H,(OH)a.COOH<->2C„H,(OH)3.COOH. 

There are many varieties of tannin, such as quercitannic and caffetannic 
acids ; they are mostly derivatives of gallic acid, but in some cases are 
derived from the corresponding phloroglucinol-carboxylic acid, Many of 
the tannins occur as glucosid^, and are obtained from these by hydrolysis, 
but gallotannic acid is usually found in the free state. 

Various tetra- and pentaphenol-carboxylic acids are known. The 
cryst allin e quinic add, CgH7(OH)4.COOH, from which quinone was first 
obtained, and with which quinine and the related alkaloids are corabified 
in cinchona bark (§ 399^, is a tetrahydroxy-hexahydrobenzoic acid ; when 
heated with acetyl chloride and zinc chloride it yields a tetracetyl compound 
melting at 136°. 

312. Synopsis.— The phenolic acids are hydroxy-derivatives 
of benzoic acid, and act both as carboxylic acids and as phenols. 
Several of them occur in nature, and are of utility in medicine 
and the arts. The chief members of the group are salicylic, 
protocatechuic, gallic, and tannic acids, all of which can be 
made synthetically. 
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SECTION XIV 


THE METHYL-BENZENES AND THEIR 
DERIVATIVES AND ANALOGUES 

CHAPTER LVII^ 


THE CRESOLS AND TOLUIDINES : TOLUENE AS METHYL- 
BENZENE 


313. The Halogen Toluenes.— Whilst boiling toluene, in day- 
light and in absence of a carrier, interacts with halogens as a 
paraffinoid compound, in the dark, especially when cold and 
in presence of a carrier, it behaves as a benzene derivative; 
the nucleal hydrogen atoms arc successively replaced, and 
aromatic substitution is effected. 

As the mono-substituted toluenes are di-subsfitution pro- 
ducts of benzene, they exhibit the usual position isomerism, 
and in accordance with the established rule (§ 300 ), it is the 
para- and ortho-compounds wliich are formed by direct 
actioA. 

The meta*compomids have to he madfe indirectly (§ 318), either from 
aceto-/>-tolmdide or from metatoluidine by the diazonium interaction; 
in practice aU the monohalogen-toluenes are conveniently made by the 
last method. 

C^HdCHahNHa CcH,(CH J.Ma-Cl C«H*(CH3).Br. 


The monohalogen - toluenes are colourless, and in some 
cases crystalUsable liquids, which closely resemble the halogen 
benzenes; unlike the isomeric benzyl compounds they are 
to aUmUes, and do not irritate the eyes ; they are reduced 
on by sodium in alcohol. 

bsidis^ . wrUi dilute nitric acid these compound 
retain iheir halc^en, whilst the methyl is rapidly oxidised to 
caiboxjdi In halcgen^hemoic acids thus obtained* the 
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talbgen is necessarily^ the benzene nucleus; it is therefore 
aimilarly placed in the halogen-toluenes/ ^ 

CH3.C5H5 > CHg.CgH^Br ^ COOH.GgH^Br. 


THE ARYL HALOGEN-TOLUENES 



Chloro- 

Bromo- 

j 

j ' lodo- 

M.p. 

B.p. 

M.p. 

B.p. ! 

1 

M.p. 

B.p. 

Ortho . , . 1 

^ 

ISO" 


180 ^ 1 


308® 

Meta ... 

, — 

155 “ 

— 

184® 

— ^ 1 

312 ® 

Para ... 

- 20 “ 

156 " 

7 “ 

184® 1 

33 ' 1 

312 ® 


The isomerism of the di-substituted toluenes is more complex than ffiat 
of the benzene derivatives, as there are not only six distinct dibromo- 
compounds, but also three bromobenzyl bromides^ isomeric with them. 
The dibromtoluenes are distinguished from one another by their melting 
and boiling points, and by yielding six distinct crystalline dibromobmzoic 
acids- when oxidised with permanganate. 



1:2:4 [-25*1 1:2:5(236’) 1:2:6 (240“) 1:3:4(239") 1:3:51391 


314 . The Toluene-Sulphouic Acids.^Toluene is sulphonated 
much more readily than benzene, and the para-compound thus 
formed is separated from the accompanying ortho-derivative 
by repeated crystallisation of its barium salt; it is probably 
formed by isomeric change of the ortho-compound, as the 
homologous o-ethylbenzenesulphomc acid is isomerised to the 
corresponding para-acid when heated at loo'^. The^fneta- 
compound is made from aceto-^-toluidide (§ 317). 

q-Toluenesulphonic acid^ C6H4(CH3).S03H (0) (Terry, 1873), 
is a well-defined crystalline substance, which resembles the 
corresp<>nding benzene derivative in all essentials, and forms 
a sulphochlmdey and a crystalline sulphonamide; it is not 
attacked by acid oxidising agents, but is converted by alkaline 
permanganate into the corresponding sulphobenzoic acid 

(I *73)- 

The mda- and para^ulphonainides are similarly oxidised to the suU 
pkdbenxoie mofiomufM, Ce]^(Q)0H).SO3NH», wh^t the ortho-sulphon- 

iBaidfi ykida, In neuifri the imide or initirual saedhatiu 
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Ach, 

I^SOjOH ySOaNHa 



)nh 


It is to be noted that the ineta* and para-acids do not form such internal 
anhydrides ; it is only ortho-groups which interact in this manner. This 
is account iot by the ring formula, in which the ortho-groups are attached 
to adjacent carbon atoms, as in succinic acid, and are therefore physically 
adjacent. 


315 . The Cresote.— When fused with potash, as in making 
phenol frdSn benzenesulphonic acid, the toluenesulphonic 
acids axe hydrolysed to the cresols or toluene-phenols. These 
compounds occur also in coal and beech- wood tars ; they can 
be formed from the corresponding amino-compounds, the 
toluidines, in .the same way as phenol from aniline, and in 
sobae cases by other synthetical methods (see s-Xylenol, 
§ 322 )- • . 

C6H4(CH3).S020K CsH^(CH3).OH ^ C6H,(CH3).KH2. 

Ortho-, meta,- and paracresol, C6K4(CH3).OH (Duclos, 1859), 
are crystalline substances of high boiling point, which re- 
semble phenol in aU essentials. The ortho-compound melts 
at 31°, and gives a blue colour with ferric chloride; the meta- 
compound melts at 4°, and is therefore liquid at ordinary tem- 
peratures ; whilst the para-compound melts at 36®. 

The resemblance of the cresols to phenol is very close. Their odour— 
that of commercial carbolic acid — is not as pleasant, but they are equally 
good disinfectants and antiseptics. Creasote, the crude mixture of cresols 
and homologous compounds from wood tar, was formerly used as a meat 
preservative (ejoeas, it is still used as a disinfectant, and for 

rendering wood — railway sleepers for example — more durable. The 
preservative action of wood smoke is largely due to creasote vapour. 


The_ cresols form salts with bases, such as potassium cresyl- 
ate, CeH4Me.OK, and with acids, such as tolyl sulphate and 
acetate, CeH4Me.OAc, and they are reduced to toluene when 
distilled with zinc dust. Unlike the toluenesulphonic acids, 
they are either not afiected by oxidising agents, or else broken 
up altogether, fho methyl groups being to a certain extent 
protected by the hydroxyl. 

When, however, the hydroxyl is combined with acid groups, the methyl 
can be oxidised fo carboxyl in the normal manner. The crystalline 
orthoiolyl acetate, formed by the action of acetic anhydride and sodium 
acetate on the phenol, is ceuwerted by chromic acid mixture into salicylic 
'‘cid. f. 

. CeH*(0Ac].ai3->C6H^(0Ac).C00H^C3*(0H).C00H. 

The cresols aii converted by coaftentrated nitro-sulphiiric 

EEi 



4 i 8 . Organic Chemis^ [ 31 § 

acid into mono% di- and tn-mtrocYesoht which are analogous 
to the nitrophenols and picric acid, and still more intensi^ 
coloured. * 

316 . Tile Nitrotoluenes.— Whilst dilute nitric acid only attacks 
the side-chain of toluene, the hydrocarbon is nitrated by the 
concentrated acid in the same way as benzene; aUd as the 
nitrotoluenes are benzene di-substitution products, they e^dst 
in three isomeric forms. 

The product of direct nitration, obtained and isolated as in the prepara* 
tion of nitrobenzene, consists of a mixture of the ortho* and para-varieties, 
into which, after washing and drying, it can be resolved by fractional 
distillation. The meta-compound is prepared from aceto*/)-tolmdide 
(§318). 

Oriho-t meta- and para-nitroioluenCj CeH4(CH3).N02 (Beib 
stein, 1870), are yellovnsh liquids, or crystalline solids, which 
resemble nitrobenzene in odour and chemical character. The 
ortho-compound melts at 10°, and boils at 218®; the meta- 
compound melts at 16°, and boils at 230®; whilst the para- 
compound melts only at 54°, and boils at 238°. 

By further nitration, dinitrotolueneSf and with difficulty, 
trinitrotoluenes^ can be formed, but, as in all such cases, no 
more than three nitro-groups can be directly introduced into 
the benzene ring. 

The dinitrotoluenes, of whicji there are six (compare Dibromotoluenes, 

§ 313), are somewhat reactive with alkalies, being partially hydrolysed by 
aqueous, and converted into phenolic ethers by alcoholic alkalies. 

The nitro-group as usual renders the whole molecule more unstable, 
and not only do these nitro-compounds readily oxidise to the nitrobenzoic 
acids, but the ortho- and para-compounds condense with amyl nitrite in 
presence of sodium ethoxide, forming the corresponding benzaldoximes 
(compare Isonitrosoacetone, § 234). 

N02.C,3H,.CH:N.0H NOa.QH^.CHg ^ NO 5 .CeHi.COOH, 

The dinitrotoluenes are reducible to nitrotoluidines and 
tolplenediatnines, analogous to the corresponding aniline 
derivatives, 

NO2.CeH3Me.NO2 NO2.C8H3Me.NH2 -> NHj.CgH3Me.NH, 

Dinitrotoluenes Nitrotoluidines * Tolylenediamipes 

When the nitrotoluenes are cautiously reduced with zinc dust they are 
converted into the corresponding tolylhydroxylamines, which in turn are 
oaddisable to the nitrosotoluenes (Bamberger, 1895). The nitrosqloluenes, 
C5H4Me.NO, are pungent, crystalline substanpes which like nitrosobenzene 
and other analogous nitroso-oompounds, turn bright green when melted 
OT dissolved. ' 

The My/Ayifwyiflwtnw, ^H^Me.NHOH, are unstable .ccyitafime 
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mbstances which resemble their lower homologue, and are similarly con- 
vertible into diazoninm and azo-compounds. They are converted by 
inineral acids into the corresponding toluquinols, OH.CgH3Me.OH, the 
flwinocfwekjNHa.CgHgMe.OHjWhich are initially formed, being hydrolysed. 

NHOH r NHa T OH 

CH3< > CH3<3^ CH3< — >. 

. L OH-i OH 

817 . The Toluldines,— By energetic reduction with tin and 
hydrochloric acid (or technically, with iron and hydrochloric 
acid), the nitrotoluenes are converted into the corresponding 
toluidines, or toluene analogues of anihne, of which the para- 
compound is used extensively in the dye industry. The 
ortho- and para-compounds are best prepared together from 
the mixed 0- and />-nitrotoluenes, as they are more readily 
separated than the latter. 

After purifying the mixed bases, as in the preparation of aniline, dilute 
sulphuric acid is added in amount insufficient to neutralise the whole — ■ 
fractional neutralisation ; the acid combines preferentially with the more 
basic para-compound, and on distilling the product with steam, the ortho* 
toluidine alone passes over. Meta-toluidine is made by reducing m-nitro- 
toluene in the usual manner. 

Paratoluidine hydrochloride is also formed by isomeric 
change when methylaniUne hydrochloride is heated at 200® 
(compare Phenylsulphonamic Acid, §252), and is similarly 
manufactured by heating aniline hydrochloride with methyl 
alcohol at a high temperature. 

CH3.CgH4.KO2 CH3.CgH4.NH2 -^gHg.KH.CHg. 

Ortho- and metatoluidine (Hofmann, 1845) are colourless 
liquids of high boiling point, resembling aniline in odour, but 
paratoluidine (Hofmann) is a crystalline substance, melting 
at 45°; it is noteworthy that in this, as in almost all such 
cases, the melting point of the para-compound is considerably 
the higher. 

The boiling points of the toluidines are singularly close— 197®* i 99 °> 198“, 
but the three bases are readily distinguished by means of their acetyl 
compounds, which are prepared by the action of glacial acetic acid or 
acetyl chloride, in the same way as acetanilide. 

Acetoparatoluidide^ CHg.CgH^.NHAc {p), is a crystalline substance 
resembling acetanilide, and melting at 153® ; the corresponding ortho- 
and meta-compounds are similar substances, melting respectively at no® 
and 65®. 

The toluidines axe stronger bases than anilin e, but resemble 
it in character ; they are much weaker than the isomeric 
alpbyl base, benzylamine^ in which t]^ amino-group is in the 
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side chain. Like aniUne, they are readily convertible 6y th^ 
diazonium interaction into halogen derivatives, etc., and kto 
the hydrocarbon itself, the operations being identical witiithb^ 
already described (§ 260). 


like th6 cresols, the toluidines are mcnre or less broken up by oxidising 
agents; o-toluidine, for example, forms a blue colouring matter wi^h 
hypochlorites. But the acetotoluidides, m -which the amino-groups are 
protected, are oxidised by acid permanganate in the normal manner, and 
the crystalline acetaminobenzoic thus formed are readily hydrolysed 
to aminobenroic acids, from which other substituted benzoic acids can then 
be obtained. - 




•> C,H4< 


NHAc 

CHa 


'>C 


„ /NHAc 
I^ACOOH 


The constitution of the toluidines and their derivatives 
is readily proved by connecting the bases by means of the 
diazonium cyanide interaction with the nitranUines, whose 
constitution is known. 


‘m-ChlorobenzoLc acid, obtained by the diazonium -cyanide synthesis 
from m-nitraniline, is identical with that which is made from the toluidine 
prepared from acetO“/)-toluidide t§ 318) ; this toluidine and its derivatives 
are therefore meta-compounds. The same result is obtained with the 
ortho- and para-compounds, and the constitution of the toluene derivatives 
is also independently established by their genetic connection with the 
xylenes (§ 323). 


COOH 

NHa CN COOH 1 COOH 

no.<I^.>no,< 3 :>->no,<;; 3 ->nh,<; 3 > ^0011 

CH, CH.. ■ CH. ^ ^ ^ 

NO.<r^^NH. 


OH 




Constitutional Rclatious of Toluene Meta^.deHvattves 


31 S. .Preparation of Toluene Meta-Deriyatives.— As the toluene 
meta-substitution products cannot be prepared directly, they 
are obtained amongst other sources from aceto-paratoluidide; 
this is utilised in the same way as hcetanihdfe in tire preparation 
of O' and -p-nitraniUne. The orientation of such cbmpounds 
is usually indicated in a bracket placed after the formula. 


, N0> NO, 

4 ^<Z>NHAc ^ CH<I>NHAc ^ CH,C::>NH, 

Nitrotojyidid* 
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The amino-^oup being protected by the acetyl, the nitro*group intro- 
duced by nitrating the toluidide takes up the ortho-position to the 
acetamino-group (the para-position is already occupied), and therefore 
the meta-position to the methyl group ; and on hydrolysing this 1:3:4- 
nitraceto-^^luidide (which is a crystalline substance resembling the 
nitr acetanilides), the corresponding nitrotoluidine is obtained. The 
nitration of the^ toluidines and their derivatives is preceded by the 
formation of unstable niitamines, homologous with phenylnitramine {§ 259). 

m.-Niiro-p-toluidine, NOa.CeHsMe.NHa (Me:N02;NH2 = 1:3:4) 
is a crystaUine substance resembling the nitramlines. As its 
amino-group can be eliminated by the diazonium method 
(§ 260), it affords a source of metanitrotoluene, and thus of all 
the meta-derivatives of the hydrocarbon. 

NOa NOa, NO, 

CHaCI>NH, ^ >N.C 1 CH,< > 

Chlor-acet 0 ‘^ 4 olmdid$t brom-aceto-^-toluidide and acetotoluidide-^-sul- 
phonic acid can be made in the same way, and from these compounds 
meta-halogen and meta-sulphonic derivatives of toluene maybe similarly 
obtained. 

819, Additive Compounds of Toluene* — ^Toluene vapour com- 
bines with chlorine in sunlight in the same way as benzene, 
forming a similar crjrstaUine hexachloride. It is also reduced 
by hydrio(hc acid, at a high temperature, to kexahydrotoluene, 
CgHjj^.CHj, a liquid of paraffin odour, boiling at 100°, and 
closely resembling hexahydrobenzene. 

The tetrahydrotoluene (compare § 290), which is formed by the suc- 
cessive action of hydriodic and sulphuric acids on perseitol (| 188), is 
converted into penta-bromotoluene by prolonged broniination in pre- 
sence of aluminium bromide. As this broraotoluene is reducible to 
toluene by sodium and alcohol, the aromatic hydrocarbon may be 
made synthetically from compounds of the carbohydrate group. 
CH^OH.lCHOH],.CH,OH-> CHa<Qj ;§£ > CH.CH3 

UcsBrj.CH3->C«Hs.CH3. 

820. Synop^. — ^The cresols and toluidines are the “ aromatic 
hydroxy- and amino-derivatives of toluene, corresponding 
^th phenol and aniline. As di-substitution products of ben- 
zene, they ass iinift the usual isomeric forms, and the same is 
true, of the related l^omo-, nitro-, and sulphonic derivatives. 
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CHAPTER LVIII 


' THE TOLUIC AND PHTHALTC ACIDS AND THE XYLENES 

321 . The Toluie Acids. — The toluic or toluene-carboxylic 
acids bear the same relation to toluene as benzoic acid to 
benzene, and physically and chemically cbsely resemble the 
lower acid. The nitriles are made from the toluenesulphonic 
acids and toluidines in the same way as benzonitrile, and are 
similarly resolved by hydrolysis. The acids are reconverted 
into the nitriles by distillation with lead thiocyanate, or 
through the amides, and are resolved into carbon dioxide 
and toluene when heated with lime, 

CgH^Me.CN CgH^Me.COOH ^ CgHg.CHa + COg 

Paratohiic acid was originally obtained by oxidising cymene 
with dilute nitric acid {Noad, 1847), is also easily prepared 
from /J'toluidine by the diazonium cyanide interaction, 
Metatoluic acid can be made from m-xylene. Orthotoluic acid, 
which was originally made by a similar process of oxidation, 
is most readily prepared by boiling phthalide {§ 324) with 
fuming hydriodic acid and red phosphorus; it can also be 
made by fusing i:3-naphthol- or naphthylamine-^ulphonic 
acid (§ 371) with caustic soda. 

p‘Toluamide may be synthesised by the direct interaction of toluene 
with chloroformamide (§192) in. carbon disulphide solution, under the 
influence of aluminium chloride (Gattermann, 1S8?). 

CHs.CeHs + CLCONHa = CH3.C.H4.CONHS, + HCI. 

p'Toluic aldehyde is formed in a somewhat analogous manner, by passing 
a mixture of carbon monoxide and dry hydrogen chloride (which behaves 
as chhrodormeddehyde) into ice-cold toluene, containing cuprous and 
aluminium chlorides (Gattermann, 1897) ; the complex metallic additive 
product is decomposed with water, and the aldehyde is distilled with 
Steam, and separated from unchanged toluene by means of its bisulphite 
cdtnpound. 

; CHs.C^Hs + CO -f- HCI [a.CHO] = CH3 .CgH,.CHO + 9CI. 

- synthetic processes, like the cyanide synthesis, are of general 

ftf^Ucability, and many substituted toluenes may in this manner be con* 
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verted into the corresponding substituted ^•toluic acids. The yieid with 
benzene itself is not as good. 

Substituted toluic acids may be prepared by direct substitu- 
tion, but are usually more conveniently made by oxidising the 
corresponding substituted toluenes. When reduced with 
sodium in amyl alcohol, the toluic acids are' converted into 
the corresponding hexahydrotoluic acids, which are saturated 
cycloparaffinoid compounds homologous^ with cyclohexane- 
carboxylic acid (§ 289). 


THE Tonuic ACIDS AND THEIR DERIVATIVES 



Ortho- 

Meta- 

Para- 

Acid 

[104'^] 

[109°] 

[I86°3 

Dissociation (K) 

0-0120 

■ 0-0051 

0-0051 

Chloride . , . , 

(212®) 

h (214'') 

(228®) 

Ester , , . . : 

{227®) 

1’ (228°) 

(236®) 

Amide . . 

■ [148“] 

[ 94 “] 

[161®] 

Nitrile .... 

(205°) 

(213") 

[29®] 

Hexahydro-acid 

[102°] 

(liquid) 

[141®] 


322. The Xylenes: Xylenol. — ^The xylenes or dimethyl 
benzenes, C(,H4(CH3)2 (Fittig, 1870), are light, mobile liquids 
which resemble benzene and toluene; they are formed with 
these in the distillation of coal, and accumulate in the frac- 
tion of the light oil (§ 243), which boils at about 140®, 

Orthoxylene, which boils at 142°, is obtained from o-bromo- 
toluene and methyl iodide by the sodium method {§279); 
the yield, however, is very poor. 

Metaxylene, which boils at 139°, constitutes about three- 
fourths of the coal-tar fraction, but is difficult to separate from 
its isomerides on account of the closeness of the boiling points; 
it may be prepared indirectly by distilling mesitylenic acid 
{§ 328) with lime, from which its orientation also follows. 

Paraxylene, which melts at 15° and boils at 138°, is easily 
made by distilling camphor with anhydrous zinc chloride; it 
is als6 formed synthetically, and with good yield, from p- 
<l4)roimqbenzene, or ^-bromotoluene, by the methyl-iodide- 
sodium m^od. 

Tiat th^ xylenes are dimethylbeuaenes is proved analytically 
successive oxidation to toluic and phthaKc kcids 
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formation of the ortho- and para-compounds from the cor- 
responding dibromobenzenes and bromotoluenes. 

r w P H r w 

4 « 4 ScH 3 ^ 6 “ 4 ^COOH 

xylenes Toluic acids Fhthalic acids 

Ortboxylene is completely oxidised to carbon dioxide by chromic acid 
mixture, as is often the case with ortho-compounds, but it is converted 
into o-toluic acid by dilute nitric acid, and into phthalic acid by alkaline 
permanganate. Metassylene b nitrated by concentrated nitric acid, 
but is oxidbed to w-toluic acid by moderately dilute nitric acid, and to 
isophthalic add by chromic acid. Paraxylene is converted into ^-toluic 
and terephthalic acids by dilute nitric acid, and into terephthjilic acid by 
alkaline permanganate. 

Like toluene, the xylenes behave as substitution products 
of both methane and benzene. At the boiling temperature, 
and in dayUght, they yield halogen derivatives, such as the 
xylykne chlorides and bromides^ which are analogous to the 
benzyl compounds, and are convertible into similar alcohols, 
acids, etc. ; ■ under ordinary conditions they yield hromo- 
xylenes, nitro-xylenes B.T\d xylene-sulphonic acids, which with the 
derived xylidines and xylenols, are analogous to the corre- 
sponding benzene and toluene substitution-products. 

^■Xylylene bromide, CgH4(CH2Br)2, b a crystalline solid melting at 
143® ; the acetate, obtained by boiling it with alcoholic sodiurq acetate, b 
quantitatively oxidised to terephthalic acid by alkaline permanganate. 
zii‘Xylidine is made technically by isomerisation of dimethylaniline at 
300“, 0- and p-toluidine intervening (compare § 317). 

Some of these products can also be made synthetically from 
open-chain compounds. &-Xylenol, C3H3Me2.0H (s), which is 
a crystalline substance of phenolic character, melting at 68°, 
is thus prepared from acetaldehyde and ethyl acetoacetate. 

In presence of diethylamine or piperidine at a low temperature, these 
two substances slowly condense to ethyl ethylidene-diacetoacetate, CHMe 
(CHAc.COOEt)2, ^ crystalline' substance melting at 80®. Thb acetoacetic 
derivative b a itj-diketone, in which a ketonic group b linked to methyl, 
and like all such compounds condenses to an unsaturated ring compound 
wh^ boiled with ^moderately dilute sulphuric acid ; at the same time it 
loses the carboxyl .groups of the acetoacetic ester, thus yielding a cyclo- 
olefinic ketone, ^methylcydohexenone* 

CH3.CO.CH(COOE«.&me.CH(CQOEt).6o.ai3 CH 3 .C 

6 ‘s . 

EUqfi eAyUdcnediacetoacetata DlmethylcydfttoeiiOM 

t>imethytcyciauxenoHe, CMe, a Hquid boiling at 

txx*, b a.;^tonic ^kirivative of tetrahydroxylene ^ as an define it fonns 
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an additive dibromide, an unstable compound which loses its brottuop as 
hydrogen bromide when boiled with glacial acetic acid, and forms 'the 
ketonic modification, of s-xylenol (Knoevenagel, 1893). , ' 

Many such syntheses have been effected; m-cresol, for example, may 
be made in this way from formaldehyde and ethyl acetoacetate. 




>CMe. 


Dimethylcydohexenone Dimethfldibromocydohexanone j-Xyleool 


Like all phenols the xylenols are very readily broiftinated, 
and in most cases yield tribromoxylenols when shaken with 
tHTomine water. When these tribromides, or the xylenols 
themselves are boded with bromine and water in an open 
vessel, they are degraded to the corresponding 
hromocresols, CeMeBr^.OH, and some of these by further 
degradation, are converted into pentahYomophenol,CfiT^.OKi 
in each case a methyl group is eliminated. 

323. Orientation of the Xylenes and Meta-compounds. — The posi- 
tion of the groups in the xylenes is determined by a method 
analogous to that employed with the dibromobenzenes {§ 299). 

AH three xylenes are convertible tmder the ordinary conditions into 
mononitro-compounds, of which there are six, constituted similarly to the 
dibromotoluenes. But whilst the camphor xylene yields only one, the o- 
bromotoluene product gives two, and the xylene from coal tar and 
mesitylene, three of these products. It follows, as in the former case, that 
the camphor xylene is the 1:4 or para-compound, and so on. 


THE SIX MONONITRO-XYLENE8 


CHs CH, CH3 

r Oc 0 



1:2:3 1:3:2 1:3:4 1:3:5 1:4:2 

(250O .W <225') [a’l [75I (*39*1 


The constitution of metaxylene, and thus of all meta-deri- 
viatiyes of benzene, is confirmed by^'its preparation froth^^e 
cdjnpouuds, mesitylenic acid aad 
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<§329), and by the formation of its symmetrical phenol 
(§ 322) by the acetoacetic synthesis. 

These syntheses, taken in conjunction with the nitro-xyiene relations, 
and those of the dibromobenzenes (§ 299), prove that in the syntheses of 
alkyl-benzenes by the sodium method the alkyl group occupies the same 
position as the halogen it displaces ; the constitution of the higher methyl- 
benzenes is therefore accurately indicated by their synthesis from the 
various broraobenzenes, etc. 

324 . Phthalic Acid* and Anhydride. — ^The acids which are ob- 
tained by further oxidating the xylenes and toluic acids are 
of both theoretical and technical importance ; they are termed 
the phthalic acids, from the genetic connection of the ortho- 
compound with the hydrocarbom naphthalene (§ 372). 

o-Phthalic (phthalic)' acid is made in the laboratory by 
boiling down naphthalene tetrachloride with excess of con-' 
centrated nitric acid; on distilling the residue, the acid 
anhydride passes over, and is converted into sodium phtha- 
late by boiling with caustic soda. 


Phthalic acid is manufactured for technical purposes by oxidising 
naphthalene with concentrated sulphuric acid containing mercuric sul- 
phate ; it is used in large quantities in the dye industry. 


Phthalic or hemene-o-dicarboxylic acid, C6H4(COOH)2 (0) 
(Laurent, 1836), is a crystalline, sparingly soluble substance, 
melting at 213°, K =0-121; phthalic anhydride 
obtained by distilling it, melts at 128“. 

That phthalic acid is a benzene- carboxylic acid is proved by 
its conversion into the hydrocarbon when heated with excess 
of soda-lime; and that it is a dicarboxyhc acid is shown by 
the conversion of its calcium salt into calcium benzoate when 
carefully heated at 230® with . the calculated quantity of 
slaked lime. 

CgHe -f 2CO2 4 - CgH,{COOH)2 CgHg.COOH + CO3 ■ 

The molecular formula is independently proved by the vapour density 
of the esters, such as dhyl phthalate ; these are liquids of high boiling point, 
resembling ethyl benzoate, and made in the same manner. 

The ortho -constitution of phthalic acid is proved by various syntheses. 
Not only is it f<Maned by oxidising o-xylene and its derivatives with alkaline 
permanganate (§ 322), but it is produced by hydrolysing the o-cyano- 
benzoic acid, which is prepared from anthraniUc acid by the diazonium 
interaction. Its conversion into an anhydride is also presumpfive evidence 
of an.prthQ.constitution, as groups in fh? meta- and para-positions are too 
^remote to uxteract (§ a 88). The complete oxidation of phthalic acid by 
dfromic ncld mixtura is again characteristic of ortho-compoimds. 




When phthalic anhydride is heated with excess of phos- 
phorus penfcacliloride at 200®, it is converted into phthalyl 
chloride, a cornpound which has the composition, but not the 
constitution, of a double acid chloride, and is genetically con- 
nected with the phthalein dyes (§ 367). 
m 

Phthalyl chloride, 2) 0 , is a crystallisable liquid boiling at 275® ; 

its unsymmetrical constitution follows from its reduction to a lactonic 
product, phthalide, by zinc and hydrochloric acid, and its Synthetic con- 
version into various substituted phthalides (§ 367). 

Phthalide or o^hydroxymethyl-bemoic lactone, is. a ays- 

talline substance melting at 83® ; it is hydrolysed by alkalies to 0- 
hydroxymethyl-benzoic acid, and is reduced to o-toluic acid by boiling with 
hydriodic acid (compare § 151) ; when boiled with alkaline permanganate 
it is reoxidised to phthalic acid. 

c<,H,<ca *>0 ... C,H.<CH.)o ^C.H*<SoH 

■ Phthalyl chloride is converted by the more energetic reducing action of 
sodium amalgam and acetio acid into phthalyl alcohol, 
the double primary alcohol corresponding with phthalic acid ; the corre- 
sponding double aldehyde, phtkalaldehyde, CeH4(CHO)2, is obtained by 
hydrolytically oxidising o-xylylene bromide (compare § 322). 

Phthalic anhydride is converted by dry ammonia into the 
corresponding imide; this may also be prepared by simply 
heating the \^om&ncr.o-cyan6benzoic acid, or by heating phthalic 
acid with ammonium thiocyanate (compare Benzonitrile, 
§267). 

Phihalimide, C6H4:(CO)2:NH (Laurent, 1842), is a crystalline 
substance which melts at 234^^, and sublimes readily; like 
succinimide it is a feeble acid. 

It is converted by alcoholic potash into a crystalline potassium salt, the 
metal of which is readily exchanged for alkyl and substituted alkyl groups, 
when heated in alcoholic solution with alkyl io^fides, etc, ; the products 
thus obtained readily yield primary amines and amino-aci^ irfien hydro- 
lysed (H aid* 2i7}* 

C.H,<g>NK -> + NHi.Et. 

When podium phthaUmide is warmed with a hypocldprlte 
it 13 converted into anthrasilic acid, ^ unstal^ 
hal(^0n cimpakidf (§ 212) intervening (Hoogeweif, 1^92)^; 
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anthraniHc acid (§ 273) is thus manufactured technically from 
the coal-gas bye-product, naphthalene. 

Phthalimide J\^-BromopHthaliiructe Antbraailic acid 

825. Isophthalle and TerepMhalic Adds. — ^The isomeric meta- 
or isophthalic acid which is formed by boiiing m-xylene or 
m-toluic acid with chromic acid mixture, can also be synthe- 
sised from w-cyanobenzoic acid and m-dicyanobenzene ; it is 
further obtained in small amount when acetaldehyde-resin 
(§ 85) is oxidised with nitric acid. 

Isophthalic or m-phfkalic acid, C8H4{COOH)2 (w) (Fittig, 
1868), is a crystalline substance, which is sparingly soluble, 
even in boiling water, and separates in fine needles on cooling 
the solution; it‘melts at above 300*^, and then sublimes un- 
changed, without forming an anhydride; K =0-0287. 

When distilled with sodarHme, it yields benzene, and its 
metarconstitution is proved by the above cyanide syntheses. 


COOH COOH 



The third benzene-dicarboxylic acid, terephthalic acid, is 
formed when para-xylene, or any para-dialkyl derivative of 
benzene is oxidised; it is thus prepared from p-xylylene 
bromide {§322), and from the sodium ^-toluate, made from 
/>-toluidine ; it can also be made from paramino-benzoic acid 
by the diazonium cyanide synthesis. Its constitution follows 
from these various synthetic relations. 

CH3CI>nii. >cH3<:p>CN 

CH,< >CH. -> CUX ^COOH >>COOH<Cp^COOH 

. NH3<II>C00H ^ CN<lb>COOH 

The pennanganate solution is added to the boiling dilute solution of the 
toluate until it ceases to be decolorised, and after filtering off precipitated 
manganese dioiide, the terephthalic add is precipitated from the hot 
product with hydrochloric acid. With the xylylene compound the pro- 
cedure similar, exc^t that alkaline permanganate is em^yed. 
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Terephthcdic or ^phthcUic acid, CgH4(COOH)3 (/>) (Caillot, 
1847), is a microciystalline substance, which is sharply distin- 
guished from its isomerides by its ilKolubility in wat^, alcdhdi 
and ether, and by sdbliming without melting or forming an 
anhydride. 

326 . The Reduced Phthalic Acids, — ^When cold aqueous tere- 
phthaUc acid is digested with sodium amalgam, it is reduced 
to a dihydro-acid, whilst when the solution is boiled and kept 
strongly alkaline during the reduction a tetrahydro-acid is 
formed. By treatment with water and alkalies under various 
conditions these reduction products are convertible into 
isomeric acids, and by further reducing the tetrahydro-acids 
with hydriodic acid the corresponding hexahydro-acid.,,|s 
obtained (Baeyer, 1886-1889}; may also be made by tho 
maionic synthesis. 

There are ten of these reduced terephthalic acids, namely 
five dihydro-, three tetrahydro-, and two hexahydro-com- 
pounds; their isomerism depends partly on the. va^ng 
position of the olefine linkages, and partly on the formation 
of stereoisoinerides of the maleic and iumaric type. 

The isomerides are named according to the position of the olefine Ifnka^ 
or linkages'(A) : thus in A 2 .^i:dihydroterephthalic acid the double bon^ 
are i be tween carbon atoms 2 and 3, and 5; and 6 respectively^ iin 
Abtetrahydroterephthalic acid, the double bond is between carbon atoms 
I and 3 : the numbering in each case starts from one of the carboxyl 
groups. 

• (2) f:?! Ha 

COOH.H<^^H.COOH COQHfiX ^ > (^iCOOH ^ C00H <~ > H.COOH 

(6) (3) Ha Hs 

A^'^-Dihydroterephthalic acid Terephthalic acid A^-Tetrahydroterephthallc acid 

cif and trans 

Stereoisomerism is only possible in -those acids in which both 
carbon atoms to which carboxyl groups are attached are 
saturated. It will be seen from the tetrahedral models (Fig. 

that in such case the carboxyl groups may be either on the 
same or on opposite sides of the' ring-plane; but in the 
centric formula for terephthalic acidi as represented stereo- 
metrically, the fourth valencies are on the same side of this 
plane, and stereoisomerism is impossible. 

The preparation of these stereoisomeric reduction-products 
is therefore very 'strong evidence for the centric constitutioii 
^f benzenoid compounds (Baeyer, 1889). 

|!The dihydroterephthalic acids, GOOH.C^H^.COOtt, 
^coasiderab^ in stability. Their olefinic constitution 
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by their ready additive combination with bromine and hydro- 
gen bromide, and their rapid reduction of cold dilute alkaline 
permanganate. 

The (see diagram, p. 433), which is the most stable, is fonned 

by reducing terepbthalic acid with sodium amalgam ia cold alkaline 
solution, and by the action, of alkalies on the other dihydro-acids ; as an 
olefinic compound it is broken up by hot alkaline permanganate, but it is 
reconverted into terephthalic acid by alkaline ferricyanide. ■ 

The which is made by reducing terephthalic acid in ice-cold 

neutral solution, occurs in two modifications, a moderately soluble fitmaroid 
form, and a readily soluble maUoid form. The is made by 

debrominating the dibromo-hexahydro-acid with alcoholic potash, and the 
A *'*-acid is obtained by boiling the A^-^-acid with water. 



Pig. 34 . --Stereoisomerism of Cyclic Compounds. 

Centric Formula <j( Eenzenoid Compounds represented Stereometrically. 
C(j-A’'^’®-DihydroterBplithaJic acid Terephthalic acid 7'ra«5-A®’®-Dihydrotercphthalic acid 


The ietrahydYoiefephthalic acids ^ COOH.CgHg.COOH, are 
monolefinic compounds, and like the dihydro-acids readily 
combine with bromine and hydrogen bromide, and reduce 
cold, dilute alkaline permanganate. 

The more stable a readily soluble, crystalline substance, which 

melts at above 300^^ and sublimes easily, is made, by reducing terephthalic 
acid, or the Ai‘^-dihydro-acid, with sodium amalgam in boiling alkaline 
solution. The A® -acid is made by reducing the Ah 3 or A^'^-dihydro- acids 
in the cold, and is converted into the A^ -tetrahydro-acid by alkalies ; it 
forms two stereometric modifications, a sparingly soluble tranS’Oeid, melt- 
iug at 280®, and a more soluble cis-acid melting at 155“. 

The stereoisomeric (cis and trans) hexahydrotprephthalic 
acids, COOH.CgH^Q.COOH, are saturated compounds; they 
have no action on cold, dilute alkaline permanganate, and when 
brominated yield substitution products, in the same way as 
^ ^phatic djcarbo^lic acid. Their properties axe very 




43Z Organic Chemistry 

similar to those of adipic acid, of 
Ss cycloid substitution products. 

COOH.CH,.CH,.CH,.CH,.COOH 

Adqnc acid * He^tahydroterephthalic acid 

The acid which ^ made by reducing the -tetrahydro-acid with hydrio- 
dic acid, or synthetically, fc»ms two modihcations, which nihy be 
prepared iadependerftly by reducing the stereoisomeric bromohex^dro- 
acids f COOH.CgHgBr.COOH. The latter are formed by the addition of 
hy drogen bromide to the -tetrahydro-acid; the less soluble bronjo-acid 
yidds the fumaroid hexahydro-acid, whilst the mol:e soluble acid from 
the mother-liquor gives its maleoid isomeride. 

COOH H 

T!i3ias-hexahydroterephthalic acid, sp^ingly 

soluble in water, and insoluble in chloroform ; it melts at 295°, and sub- 

COOH COOH 

limes readily. The corresponding cis-acid 

very soluble in water; and soluble in chloroform; it melts at 162°, and 
when heated with hydrochloric acid at 180'’ is converted into the trans- 
add- 

TEREPHTHAUC ACID AND ITS KEDUGTION PRODUCTS. , 

H COOH COOH H COOH 


: whicb they may be regarded 


fOOH.CH.CH..CH..CH.CC)bH 
CH,— CH, 




Trans-heiahydroterephthalic acid can be synthesised from ethylene 
bn^de and ethyl* sbdiomalonate. When an excess of sodium ii 
in the syntheds of trimethylene derivatives (| 389), the ethylene bromide 
combines with two molecules of the malonate, frying ^kyt butane- 
tdrmfboxylatrAO^Ut}^^^^^ This compound, ass 
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sutetituted ^uble malonic ester, fcams a iisodium derivtdive^ 
again c<»Bbincs witVa molecule. |>f the bromide, giving ethyl cyclohexane 
tardcarboxT^Uttc. 

(COOEt),CNa.CR,m,.CNa(COOEt)3 (COOEt)2C.CHa.CH.,C(COOEt)a 
CH,Br ^H,Br CH, CH, 

Etbyl disodiobutanet«tr«3^oiylate Ethyl cyclohuUnetetracarbonlatt 

Ethylene dibrosude 

^ ^ r (COOH) 2 C.CH 3 .CH 2 .C(COOH )2 

Cyclohexanetetfocarboxylic aetd, ^ being a 

Lii^ " CH2 

substituted malonic acid, decomposes when heated, yielding carbon dioxide 
and a cyclohexane-dicarboxyllc acid ; this is identical with transhexa- 
hydroterephthalic acid ( Perkhi, jun„ 189 2 ). As the reduced acid is oxidised 
to terephthalic add when heated at 300® with the <*lculated amount of 
turmnine, an additional synthesis of the latter is afforded. 

(CXX)H)3C.CHfl.CH,.C(COOH)a ^ COOHXH.CHa.CH2.CH.COOH 

CHa CHa CHj. CHa 

Cyclohexanetetracarboxylic acM Traiisheiahydrotercphthalic acid 


The reduction products of terephthalic acid have no longer 
the character of benzene derivatives; the dihydro-acids and 
tetrahydro-acids behave as unsaturated olefinic compounds, 
whilst the hexahydro-acids, like other cycloparaffinoid pro- 
ducts, resemble the aliphatic compounds in behaviour. 

Similar sets of isomeric acids are obtained by reducing 
phthalic and isophthalic acids, and in the case of the ortho- 
componnds there are still further possibilities of isomerism. * 
Transl^exahydropJUhalic acid, a crystalline substance melting 
at 221®, is asymmetrical in constitution, and can be resolved 
by the alkaloidal (quinine) fractionation (§ 139) into optically 
active isomerides ([a]n = ±i8®), melting at about 180®, 


chJ 


CH, 




CH, 


OOH 


Ttan^exahydrophthalic add. 


327 . Synopsis. — ^I'he toluic and phthalic acids are oxidation 
products of the xylenes or dimethylbenzenes, and like these 
show the usual triple isomerism. When reduced, they are 
converted into unsaturated, cyclo-olefinic and saturated, cyclo- 
paraflffnoid products, some of which can be made syntheti- 
cally from open-cl«un compounds ; the reduced phthalic acids 
exist in many isomeric forms. 
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THE TOLUIC AND PHTHALiC ACIDS AND THE XYLENEa 
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CHAPTfiR LIX 

THE POLYMETHYL-BENZENEg 

S28. Mesitylene.— According to the ring formula, there should 
be three trimethylbenzenes, three tetramethylbenzenes, one 
pentamethyl and one hexamethyl compound. All of these 
'^e known j two of the trimethyl-compounds, pseudocumehe 
iabd mesitylene, and one of the tetramethyl-compounds, 
durene, are formed in coal distillation. 

The most important of the polymethylbenzenes is mesity- 
iene, the symmetrical trimethyl-compound, which is made 
synthetically by condensation of acetone. 

Mesitylene can be isolated from the higher fraction of the light oil of 
coal tar, but is more easily prepared from acetone, and was first obtained 
in this' way. The acetone, (Mused through a quantity of dry sand, to 
prevent frothing, and to moderate the action, is mixed with moderately 
concentrated sulphuric acid, and on distilling the product after a day or 
two, the hydrocarbon passes over, accompanied by water and a little 
tmchanged acetone. The yellow oil which floats on the water is diie# 
and fractionated. 

Mesitylene or s-tfimethylhenzene, CcHaMcg (s) (Kane, 1838), 
is a colourless, aromatic, highly refractive liquid, which boils 
at 163“, and, freezes at— bo**. Although formed from acetone 
hy simple condensation, its aromatic character is at once 
suggested by the ease with which it is brominated, sul- 
phonated and nitrated. 

Nitromesitykne, CgHjMeg-NO^ (s), is a crystalline compound melting 
at 142° ; when reduced with tin and hydrochloric acid it is converted into 
anfinomesitylene or mesidine^ CeH2Me3.NH2 (s), ,an oily liquid, which is 
converted by the dlazonium interaction into the correspondmg phenol, 
mesUolf CgH2M^.OH (s), a stable cr)retalline substance. 

^esidine is a more active compound than aniline ; it is readily 
uiethybited to dimethylmesidiWy CgH2Me3.NMe2 (s), which when nitrated 
Exchanges an amino-methyl group for nitroxyl, yielding a crystalline 
^itramine, CaMea{N02)a.NMe.N02 (Klobbie, 1888). 

lliifQiOfmcsitiyUm* C^H^Meg.NO(s), is distinguished from' the lower 
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aitroso<eQinpouncls (§§ 263, 316) by formiiig a colourless in iitoM 

benzene, the molecules in which are found by the cryoscopic m^thq^ to 
be double ; the unassodated nitroso-compounds are therefore green. 

The benzenoid constitution of mesitylene is proved bytits 
oxidation ^o various benzene-carboxyhc acids. The hydro- 
carbon gradually dissolves when boiled in a reflux apparatus 
wiiii dilute nitric acid, yielding two difficultly soluble acids, 
mesitylenic acid and uvitic acid, of which the latter is volatile 
with steam. By oxidation with chromic acid mixture, uVitic 
acid is converted into trimesic or benzenetricarboxylic acid, 
which cannot be further oxidised without breaking up. 

Mesitylene is therefore a trimethylbenzene, the three acids 
being formed by successive oxidation of the methyl groups 
(Kttig, 1867). * . . ^ 

C,H3Me3 ^ CeHgMe^.CO^H -> C 3 H 3 Me(C 03 H)a ^CeH 3 (C 03 H )3 
Mesitylene Mesitylenic acid Uvitic acid Triinesic acid 


Mesitylenic or s-dimetkylbenzoic acid, C0H3Me2.COOH, a crystalline 
substance melting at i66“, is a monobasic acid, and when distilled with 
lime is converted into w-xylene, so that it is a carboxylic acid of this 
hydrocarbon. Uvitic or s-meihylisophthalic acid, CBH3Me(COOH)2, which 
melts at 388®, is a dibasic acid, and on similar treatment yields either 
m^toluic acid or toluene, according to the proportion of alkali ; it is thus 
a toluene-dicarboxylic acid. 

Trimesic acid, CflHalCOOHls, which melts at 300“ and sublimes read- 
ily, is a tribasic acid ; under the same conditions it yields either isophthalic 
acid, benzoic acid, or benzene, and is thus abenzenetricarboxyKc acid, 
CeH.CCHala 

CaHjtaial^.COOH.^CaH^tCHala + COa 

CsHatCHsKCOOHla-^C.H^fCHal.COOH + COj -> C^H^CHa + aCOj 
C6H3(C00H)3-)-C«H4(C00H)a + CO^ ^ C^HjXOOH-f sCOa + 3CO3 

The above result is confirmed by the S5mthe5is of trimesic acid from 
benzene-trisulphonic acid by the cyanide method, and by that of mesity- 
l^e and trimesic acid from allylene and propiolic acid by polymerisation. 
Uvitic acid is also formed in an analogous maimer by the action of baryta 
uo pyruvic acid (§ 137}. 

C«H,(S03H)a ^ C 6 H,(S 03 K )3 CsHalCNla ^ CMCOdRh i - 
^ 3CH3.C:CH'>C6H3(CH3)3->CflH3(COOH)3.<-3CH CCQOH. ' 

829 . Orientation of Mesitylene and Meta-Compounds.— The 
synthesis of mesitylene by condensation of acetone reudeis it 
probable that it is a symmetrical compound, ^r there is no 
reason to believe that -the condensing molecules behave in 
different ways, as would have to be the case to produce an 
nfisymmetricai product (Baeya:> 1867). This, hoyfeVt^, is not 
j^ri^d proof, for benzene hexax^iide, wMch is necessarily 
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symmetrical^ yields, when heated, as- trichlorobenzene. 

A fe^mplete proof of the symmetry of mesitylene is afiorded 
by i study of its Aitro- and nitro-amino-derivatives. 
Although there are three replaceable hydrogen atoms (a, b, c) 
in the benzene nucleus, if mesitylene is a S3nnmetrical com- 
pound there can be only one dinitro-, and one nitro-amino- 
derivative. Now only one dinitromesitylene and one niiroami- 
nomesiiylene ^axe known, and more than this, each can be so 
prepared that these groups occupy different positions, whilst 
the substances remain unaltered ; i.e. az=b=c. 


The dinitromesitylene (i), in which the groups occupy the positions (say) 
a, b, can be converted by the stages indicated into a second dinitro-com- 
pound (6), in which, whilst one of the groups retains its original position 
(a), the other takes up the fhird available position (c). But the actual 
substances are identical, and so, therefore, are their formula— (i) 


NOjtfl) N03(ii) NOflCa) NOaffl) NOstfl) NOs({fl) 

N02(6) NH2(6) NHAc(i} ^ NHAc(6) ^ NHai*) ^ H{*) 

H(c) H(c) H(c) NOstc) NOgOc NOgic) 

(I) I (2) (3) (4) (5) (6) 


NOa(fl) NHgfa) 
H(6) ^ H{6) 
H(c) B{c) 

( 7 ) (8) 


NHAc(a) NHAcfa) NHsfa) 
H(i) N02(i)-i.-N0#) 

H(c) ■ HCc) 

( 9 ) (w) {II) 


a)«(6); ( 2 )=(U)or{ 13 ) 


NHAc(a) NHafa) 
H(6) . 

NOa(c) NOa(c) 
(12) (13) 


The posj^ions b and c are therefore similarly situated with regard to a, 
that is, they are both ortho or meta to the a position (they cannot both 
be para). This result is in harmony with either the symmetrical or the 
vicinal formula for trimethylbenzene, but is irreconcilable with the asym> 
metrical formula. 


CHa CHa 

[fi^NOg 

GHal^CHa 

NO3 , 

a:b « a:c 


CHa CH3 

CH^r^CHa CHsj^^CHa 

NOa NOa 

H a;b^a:o 


The nitroaminomesitylene (2), formed by phrtial reduction of the 
dinitro-compound (x), can be converted by a s imil ar process into a second 
nitroaminO'Cbmpound (ri) or (13}, in which the amino-group now occupies 
the position n, whilst the new nitro-group tak« up the position & or c. 
But the two substances (2) and (ii) or (13) are again identical, and wheth« 
the new nitro-group is at 6 or at c (it must be in one or the other of these 
positions), this second result is consistent only with the symmetrical 
formula (Ladenburg, 1875). 


CHa CHs CHa 
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As mesitylene is symmetrical or 1:3:5 trimethylbenz^e, 
the xyleue and meta-toluic and isophthalic aci(h obta^ed 
fKHH it must be 1:3 compounds; that is, the groups in. ths 
meta-compounds occupy the 1:3 position (compare § 299). . 



Meatylens Mesitylenic acid 

Uvitic acid 

Trimesic acid 




CH, 

A 

CH, 

A 

COjH 

A 

(] ^ 

ft 

fL 

UCH3 

UcOaH 

IJcOjH 


*«-XyIene f«-Toluic acid ' Isophthalic acid 


330 . The Higher Methyl Benzenes. — Of the two trimethylb«n- 
zenes isomeric with mesitylene, the unsymmetrical compound, 
pseudocuraene, occurs, as already indicated, in considerable 
quantity in coal-tar oil. 

Pseudoctimene or dis-trimethylbenzenef CgHsMes (as), is a 
liquid which resembles mesitylene, and boils at 170^. Its 
constitution and orientation are proved by two direct syn- 
theses from bromo-/j-xylene and bromo-m-xylene by the 
methybiodide-sodium method; and as it is derived from both 
1:3 and i;4-xylene, it must be a i:3:4-compound. 

Br<ZZ>CH3 -> CH»<^CH« ^ CH3<Z:>CH, 

CH»(3) W CH» (3) Br W 

The vicinal compound, hemimeUithene, C5H3Me3 (v), is a similar liquid, 
boiling at 175®. 

Of the three tetramethylbenzeues, the symmetrical compound, durene, 
occurs with the trimethyl-compounds in coal tar. 

CH3 CH3 

Durene, or s-tetrameihylbenzene, < > , is a a:ystalline compound of 

CH3 CHg 

camphor odour, melting at 79® ; its constitution follows from its synthesis 
from dibromoxylene and methyl iodide by the sodium method (compare 
§ 323)1 ^d from its oxidation to symmetrical dimethylisophthalic and 
dimethyiterephthalic acids. Durene can also be made from hexamethyl- 
behz^e/ 

^jH^jcamethylbenzene can be s3mthesised both from benzene 
methyl chloride by the aluminium chloride method, and 
crotonylene by polymerisation. Most of the intermediate 
polymethylbenzenes can be made by the aluminium chloride 
method, but as it is difficult to stop the action at a definite 
(iatecmediat^^poiht, mixtures are usually obtained. 
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ihxamihylbenzene or wellithen^ C(j(CH3)g, is a crystalline 
sat)staEce, melting at 164^. It is oxidised by potassium per- 
manganate in tbe normal manner to melliiic or benzene-hexa* 
carboxylic acid, Ge(COOH)5, a soluble, crystalline substance 
which is converted into benzene when heated with excess of 
lime, 

C,{CH,), ^ Ce(COOH)8 > + 6CO3. 

MelUtic acid is also formed by oxidising graphite with alkaline per* 
manganate, and occurs naturally, as aluminium mellitate, in honey stone 
or mellite, a soft mineral which is found embedded in lignite. 

As there is no hydrogen, in the benzene nucleus, mellithene does not form 
a sulphonic acid, and is thus insoluble in sulphuric acid ; but by prolonged 
heating with this agent it is degraded to durene and a mixture of the 
sulphonic acids of the lower methylbenzenes. 

ZM, Synopsis.— -All the polymethy 1 -benzenes required by 
the ring formula are known. Mesitylene, the symmetrical 
trimethyl-derivative, prepared synthetically from acetone, 
affords an independent proof of the orientation of meta- 
xylene and its oxidation products. 
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SECTION XV 

THE HIGHER ALKYL-BENZENE DERIVATIVES : 

BRIDGED-RING COMPOUNDS 

CHAPTER LX 

THE CINNAMIC GROUP : INDIGO 

332, Otnnamic Acid. — Besides the immediate derivatives of 
benzene and the methylbenzenes, there are numerous com- 
pounds, which are derived from the higher alkyl benzenes 
and corresponding olefioic and acetylenic hydrocarbons. 

The principal representative of the unsaturated compounds 
of this class is cinnamic acid. The aldehyde of this acid is 
the essential constituent of oil of cirfnamon, whilst the acid 
itself occurs naturally in such products as balsam of Tolu, and 
stprax or liquid amber. It is best made synthetically, by 
conden^g benzaldehyde with sodium acetate, in presence 
of acetic anhydride (Perkin, sen., 1875). 

CgHg.CHO + CHs.COONa = C6H5.CH:CH.COONa + H 2 O. 

These materials are boiled together in. a reflux apparatus for some 
hours, and after removing the excess of aldehyde by distillation with 
steam), and decolorising the hot solution with animal charcoal, the cinna- 
mic acid (which is set free by the acetic acid liberated from the anhydride) 
is allowed to crystallise ; it is recrystallised from water. On a technical 
scale benzal chloride (§ 275) is substituted for the aldehyde. 

Cinnamic acid is al^ formed by oxidising benzalacetone (| 276) with 
dilute sodium hypobromite, the methyl group, as with all methyPketones 
(§ 9o)« being elim^ated as bromoform. It may also be made by condensing 
benzaldehyde -With ethyl acetate by means of alcoholic sodium ethoxide 
(§ 146), the ” aldol” which is formed initially being at once dehydrated. 

The cinnaiUic condensation of aromatic aldehydes is of very 
gegeral applicability. It is aspecial caseof the aldol condensation (| 146); 
the aldehyde group condenses with the o-group of the“ acetic” acid (pro- 
pi(Huc acid yidds a'>mahylcinnamic acid\ and, except whm the residting. 
^cbhoUc group is tertiary, the hydroxy -compound is immediately 
dehydrated to the olehne. Thus with malonic acid,J}enzaldehyde forms 
acidt which yields cinnamic or benzalSLcetlc acid when 

heated. 
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Cinnamic ox iiaxis-p-pheitylacrylic acidt CsHs.CHjCH.GOOH 
(Fr6my, 1839), is a crystalline su.bstance which melts at 153J* 
and boils at 300®. Like benzoii? acid, it is sparingly solubfe 
in cold water, although freely so in hot water and petroleum. 

Ferric cimamaie is a yellow insoluble powder resembling f^c benzqate. 
Ethyl cinnamaUi which is formed in the usual manner, is a fragrant liquid 
boiling at' 271®, and methyl cinnamate, a crystalline solid melting at 33° 
(compare § 123). 

Cinnamic acid is a monobasic acid (K — 0'0036J, and the 
simple relation to benzene indicated by the syntheses, is con- 
firmed by its conversion into benzaldehyde and benzoic 'add 
when boiled with chromic acid mixture. Its olefinic character 
is proved by its conversion into a crystalline dihromidej And 
its oxidation by cold alkaline permanganate (§ 104) to the 
corresponding glycol, ^-phenylglyceric acid, which is resolved 
into benzoic and oxalic acids when further oxidised. 

CeH 6 .CHOH.CHOH.COOH +30 = 

/ 3 -Phcnylglycericacid CgHs-COOH + COOH.COOH + HjO 

As an unsymmetrical derivative of ethylene, cinnamic acid forms two 
stereoisdmeric modifications. The labile or «s-isomeride, allocinnamic 
C H C H 

acidf „ ® J v'tt crystalline substance melting at 68“ {K=o*oi58), is 
UUUxl.L.H 

formed by reducing the corresponding bromo-acid with zinc-dust in 
alcohol ; it is converted into the stable or /rans-add by heating, either 
alone or with concentrated sulphuric acid. 

^-Bromo-allocitmamic acid, a crystalline compound melting at i6o“, 
which is made by digesting phenylpropiohc add (§ 336} with hydrobromic 
acid, is similarly converted into' ^-bromocinnamic acid, which yields ordi- 
nary cinnamic acid when reduced* • 

C,H5.C.Br C^Hs.C.H CsH,,.C.H CeHs.C.Br 

COOH.C.H COOH.C.H H.iiCOOH H.C.COOH 

^Broino-allociananuc Altociiiiiamlc Cinnamic acid ^-^omodnnamic 

acid acid acid 

i t 

Cinnamic acid is an a:^ unsaturated acid j its additive compound with 
hydrogen bromide is a / 3 -bromo-acid, and the corresponding bydroxy- 
acid -is coi^equently unstable, and readily reconverted into the unsaturated 
acid (§1 132, 138). a:j 3 -Acids are therefore pnafiected by hydrating 
a^ts, fuch as moderately concentrated sulphuric acid, whilst j8:7-acids, 
such as phenylisocrotonic acid (§372), are converted into lactones (§ I5i)» 
When heated with caustic alkalies, the /3;7-acids are converted into Jhe 
isomeric a:^-acids (Fittig, 1888). 

Cmnamic aldehyde may be isolated from oil of cinnpmdn 
by shaking with sodium bisulphite j the bisulphite compound 
jjs decomposed .by sodium carbonate, and the 
^p^ted by distillation with steam. 
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Jt Is also formed in the normal maimer, J>y distilling calcium cinnamate 
with calcium formate ; and it may be made synthetically in the same 
way'as the acid, by saturating a mixture oi benzaldehyde and acetaldehyde 
wi^ hydrogen chloride (compare § 146). 

CgHjXHO + Cfl^XHO -> CcHs.CHXHXHO + H^O. 

Cinnamic aldehyde ^ CfiHg.CH:CH.CHO (Dumas, 1833), is a 
v^ry fragrant liquid (compare § 132), wbich boils unchanged 
under low pressure; it has the usual properties of an alde- 
hyde, and, is readily oxidised and reduced, whilst as an 
ethylene derivative it forms a crystalline additive dibromide. 

Cinnamyl alcoholt C0H5.CH:CH.CH2OH, a crystalline substance, of 
hyacinth odour, melting at 33^^, which occurs naturally in storax as a 
cinnamic ester, is formed.by reducing cinnamaldehyde with sodium amal- 
gam; it is a primary aromatic alcohol {§ z8o), and an olefinic compound. 

Coniferyl alcohol, CgH3(0H)(0Me).CH;CH.CH20H, a crystalline phenolic 
derivative of cinnamyl alcohol, is obtained by hydrolysing the glucoside 
couiferin (§ 310) with emulsin (§ 171) or dilute acids; when reduced 
with sodium amalgam, it is converted into eugenol (§ 310). 

333. Substitution Products of Cinnamic Acid. — As a benzene 
derivative, cinnamic acid forms many substitution products, 
some of which are of technical importance. 

o-Nitrocinnamic acid, CgH4(N02).CH:CH.C00H (Bedstein, 
1872), a crystalline substance melting at 238°, is an inter- 
mediate product in the synthesis of indigo (§ 336). 

It is formed, with the para-compound, hy direct nitration, its ethyl 
ester being separated from the sparingly soluble p-e&tet by fractional 
crystallisation from alcohol- It is also produced by the action of wann 
bleaching-powder solution on o-nitroBenzaJacetone, N02.C6H4.CH:CH.C0. 
CH3, a crystalline methyl ketone, which is made by condensing o-nitro- 
benzaldehyde with acetone (§ 332). 

The hydroxy-acid which is formed by the action of nitrous acid on the 
corresponding o-amino-acid occurs naturally in clover and other plants ; 
it may also be made synthetically. Its acetyl derivative is manufactured 
synthetically from salicylic aldehyde for the sake of the lactone, cou- 
mmin, iiito which it is converted by simply heating, 

C£H4(0H).CH0 -!• AcaO -i-CHg.COONa -> CeH*(OAc).CH:CH.COOH. 
o-Hydroxycinnamic or orthocumaric acid, CgH^(OH).CH:GH. 
COOH (Delalande, 1842), is a crystalline substance melting at 
208 ‘"j it is resolved into salicylic and acetic acids when fused 
with potash. 

C8H4{OH).CHtCH.COOH CcH 4 (OH),COOH + CHa.COOH. 
Couhiann or o-cumaric lactone (BouUay, 1826), is a crystal- 
line* substance melting at 66®; it occurs naturally in the 
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common woodrufi ; it is present in oil of lavend^, and on 
account of its pleasant odour (that of new-mown hay) is iJsed 
as the basis of many perfumes. ' When boiled with alcoholic 
soda, it is hydrolysed to sodium cumarate, 

CH; CH CH:CH CH:CH 

^ ‘mcCOOH'^ ® *^0. CO"^ ® ‘^OHCOONa ■ 


Acetyl'^umaric acid 


Coumariu 


Sodium (^cumarate 


334. Phenyl-Ethane, Phmyl-Ethylene, and Phenyl-Acetylene.— 

St3rrene, the hydrocarbon which is formed by heating cinnamic 
acid with lime, also occurs free in storax, from which it may 
be separated by distillation with steam; it can be made 
synthetically in various ways, and is thus formed, together 
with benzene, when acetylene is polymerised by heat (com- 
pare § 288). 

C8H5.CH:CH.C00H CeHg.CHiCHg 4CH: CH. 

Styrene or phenykthylene, C6Hg.CH:CH2 (Simon, 1839), is a 
highly refractive liquid of pleasant odour, boiling at 144°; it 
cannot be kept, as it polymerises spontaneously to a glassy 
substance, metastyrene. 


As an ethylene derivative styrene absorbs bromine, forming styrme 
Mbromide, a crystalline substance melting at 74® ; and it is resolved into 
benzoic and carbonic acids by fusion with potash. 

CgHs.CHlCHa + 3KOH CcH.XOOK + 

When styrene is heated in a sealed tube with hydriodic 
acid or its vapour is passed with hydrogen over hot reduced 
copper, it is converted infb the saturated hydrocarbon 
phenylethane ; * this compound can* also be formed synthetic- 
ally, and with good yield, from bromobenzene and ethyl 
bromide by the sodium method. 

QHg.CHiCHa -> C6H5.CH2.CH3 ^ CaHsBr + Nag + C2H6Br. 

Phenylethane or eihylhenzenet C8H6.CH2.CH3 (ToHens and 
Fittig, 1864), which is a liquid resembling toluene, boils at 134° 
and freezes at - 94°. Like its homologue, it yields benzoic 
acid when boiled with dilute nitric acid, the side chain being 
disintegrated ; this is always the case with such compounds, 
hoy^ver long the chain. 

When phenylethane is brominated at its boiling point, the halogen 
entesrs the side>chain, as in toluene, and phenybethyl bromide Is formed. 

Phenylethyl bromide ot <a-bromethylbenzenet C6H5.CH3.CH3Br, is a 

• if, however, reduced nickri be substituted fca: the copfCT, dhyti^clo^ 
is famed 1 it is a light liquid, boiling at ’ 
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Uquid resembling baxzyl -bromide ; it boils at 200®, and at the same 
tiqie partia^y decomposes into hydrogwi bromide and styrene; with 
alcoholic potash this decomposition become^ quantitative (compare § log). 

CsHs-CHa-CHa CgH^.CHa.CH.Br C^Hj.CHiCHa. 

Similarly* on heating styrene dibromide with alcoholic potash, it is 
converted successively into bromolefinic and acetylenic derivatives. At 
the boiling point, bromostyrene, CflH5.CBr;CH2, an unstable liquid analo- 
gous to vinyl bromide is iormed ; it may also be prepared by boiling 
cionaraic add dibromide with aqueous sodium c^bonate. At 120*, 
however, the whole of the bromine is eliminated, and phenyl-acetylene 
is produced; this is also formed by heating phenylpropiolic acid with 
aniline, and by debrominating acetophenone bromide, CMePhBrj, with 
alcoholic potash. 

C^jHs.CHBr.CHaBt -> CgHj.CBnCHa -> CeHj.C ; CH. 

Phenylacetylene, CflHg.C; CH (Glaser, 1870), is a colourless 
liquid, of pleasant, aromatic odour, which boils at 142°, and 
resembles acetylene in its actions. 

It forms a white silver and a yellow cuprous compound, and hot sodium 
absorbs it, forming a spontaneously inflammable sodium derivative, which, 
like sodium crotonylene, absorbs carbon dioxidej and is converted into 
the corresponding carboxylate (§ 336). 

Phenylacetylene is reduced to phenylethylene when its glacial solution 
in acetic add is boiled with zinc, and when treated with moderately concen- 
trated sulphuric add, it is hydrated to acetophenone (compare | iii). 

CsH^.CaCH, ^ CeH,.C :CH C,H,.C iC.Na ^ C.H^.C iCXOONa. 

335. Hydroclnuamlc Add: Tyrosine. — On digesting aqueous 
cinnamic acid with sodium amalgam, it is reduced to phenyl- 
propionic acid, a saturated compound which may also be made 
from^j^enzyl chloride by the acetoacetic or malonic synthesis. 

CHPh:CH.COOH CHaPh.CHa^OOH -e CH2Ph.CH(COOH)3. 

CiiiDamic acid Hydrocinnainic acid Benzylmalonic acid 

Hydrocinnamic or B-phenylpropionic acid, CgHB.CHa.CHa. 
COOH {Erlenmeyer, 1862), is a crystalline substance 'melting 
at 49°; K — 0'j^227 (compare Propionic acid). 

It is oxidised to benzoic add when boiled with chromic acid mixture, 
the side-chain being disintegrated in the normal manner ; when heated 
with lime it is converted into phenylethane. 

CsH.-CHB.CHa.COOH-J-C.Hs.CHa.CHa + COa. 

The pathological products tyrosine, which is formed in liver 
disease, and in the putrefaction and hydrolysis of albumen, is 
a derivative of this acid; it is prepared by boiling cheese 
(rupos) with 'potash, or horn with dilute sulphuric acid. 

l-Tyrosine or p-kydroxypkenylalanine, CgH4(OH).CH2.CH 
(t^Hj^iGOOH (liebig, 1846), is a crystalline, optically active 
substance, which melts at 235®, and is sparingly soluble in 
boiling j -8®, 
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It has all the characteristics of an amino-acid ; forms salts with aoKtetod 
bases ; is converted by nitrous acid into a hydroxy-acid ; and is rescivCd 
by heat into carbon dioxide and the corresponding amine, hydroxyph^h 
eihylamine. 

When fused with potash, tyrosine is converted into 
hydroxybenzoic acid, acetic acid, and ammonia, and iiie 
constitution thus indicated is confirmed by its synthesis from 
^-hydroxybenzaldehyde and hippuric acid. 

OH.CgH^.CHO + CH2 (NHBz).COOH OH.QH4.CH;C(NHBz). 

COOH 

^'Hydroxybenzaldehyde Beozoylaminoacetic acid Benzoylamine- 

hydroxycinnamic acid 

• OHXgH^.CH2.CH(NHBz).COOH^ ' 

Benzoyltyrosine 

On heating these two substances with acetic anhydride and sodium 
acetate they condense in the “ cinnamic" manner, yielding a lactimide ot 
j ^ernal aminic anhydride of ^-hydroxy-a-benzoylaminocinnamic a^; 
this lactimide when reduced with so^um amalgam yields inactive bSHzoyU 
tyrosiney from which i-tyrosine is obtained by hydrolj^s with concentrated 
hydrochloric acid (Erlenmeyer, jun., 1897.) 

t-Benzoyltyrosine is resolvable by the alkaloid method {§ 220) into 

and Z-benzoyl-compoimds, which yield the optically active d- and 
htyrosine when hydrolysed ; the laevo- compound is identical with the 
tyi'osine from casein. 

336 . Phenyl-Prop iolic Acid.— When cinnamic acid dibromide, 
or better, the dibromide of ethyl cinnamate, is heated with 
alcoholic potash, it is converted successively into a-bromo- 
dnnamic acid (§ 332), and phenylpropiolic acid. 

Phenylpropiolic acfc?, CgHs.C | C.COOH (Glaser, 1870),' is a 
crystalline substance, which melts -at 136°, and resembles 
propiolic acid in its actions; K = o‘59. Its ortho-iiitro- 
derivative, made by digesting the dibromide of onitro- 
cinnamic acid with cold potash, is convertible into indigo. 
CgHg.CHBr.CHBr.COOH-^CeHg.CHiCBr.COOH^CeHs.CiC.COOH. 

When heated with water at 120°, phenylpropiolic acid is resolved into 
carbon dioride and phenylacetylene, from the sodium salt of which it 
may also be directly synthesised (§334). It is reduced to cinnamic acid 
by zinc and acetic acid, and to hydrocinnamic aeid by sodium amal gam ; 
it does $ot form metallic compounds, because like crotonylene, and un- 
like propiolic acid, it does not contain “ acetylene " hydrogen. 

• O'Nip'tfPhenylpropioUc acid, CgHiiNO^l.C: C.COOH (0), is a crystal- 
line .fg^stance, which does not melt when heated, but decomposes into 
dioxide and o-nitrophenylac^tylene j K = i ‘06. When boiled with 
ad^^us potash, it is ccaiverted into isatin, the first oxidation product of 
but if a mild reducing agent, such as grape sugar, is also preseut, 
itself is pre^pitated (Baeyer, 1880). 

' ' C.HXgPc*cooH-'=«“*<CO>WH> + CO.‘ ' 
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A synthesis is effected from o-nitrobenzalacetone^ indigo being 

r^idiy. precipitated when a few drops of caustic soda are added to a 
solution of o-nitrobenzaldehyde in acetone. 

337 . Indigo.— The well-known dye indigo (ii/Sikov, the Indian 
dye) has been used from very early times. It occurs in the 
various indigofera as a glucoside indican^ from which it is 
produced by the hydrolytic action of an accompanying enzyme, 
followed by atmospheric oxidation. 

2C14HJ7NO8 + 2O = CieH]^QN202 -H 2CgHi20j. 

Indican Indigotin Glucose 

The indigo leaves are macerated with lime and water, and the crude 
indigo which gradually settles at the bottom of the vat is collected and 
washed, and finally purified by sublimation ; it is formed by the oxidation 
of indoxyl (§338). The essential constituent of indigo is the dye indigo- 
blue, but related colouring matters such as indigo-red and indigo-purple 
are also present. 

NH NH 

Indigo blue or indigoHn, CgH4(^Q )C:C{^q )CgH^, is a dark 

blue, insoluble powder, which can be cr3^tallised by sublima- 
tion under low pressure, or from boiling aniline or turpen- 
tine. Both the vapour and solution are intensely blue, and 
the crystals and polished powder show a oopper-red lustre. 

The molecular formula of indigotin follows from its vapour 
density; its ccnstitution is deduced from its relation to 
isatin (§ 338), anthranilic acid and aniline, and from a syn- 
thesis from phenylacetylene. 

The dinitro -derivative of diphenyldiacetylene CgHs.C • C.C ■ C.CgHs. a 
hydrocarbon which is formed by oxidising copper phenylacetylene with 
alhaline ierricyanide (Baeyer, 1882), yields in^go when digested with 
ferrous salts in alkaline solution. 

. Duiitrodiphenyldiacetyleue . , Iiidigotia 

As indigo-biue itself is insoluble in water, it cannot be used 
directly as a dye, but must first be converted into soluble 
derivatives, such as can either combine with the fibre, or be 
fM-ecipitated in its substance. 

A compound of the first class, indigosulphonic acid, is formed by dis« 
solving indigo-blue in fuming sulphuric acid ; it retains the blue colour of 
the indigo, and dyes wool directly (Saxony blue). Indigo-white, CieHijNgOa, 
a colourless sulitance which is formed by reducing indigo-blue with 
grape sugar and warm dilute caustic soda, or with alkaline hydrosulphites, 
is a compound of the second class ; the alkaline solution is readily ab- 
sorbed by the fibre, and on exposing the fabric to air the indigo-white is 
re-bxidls^ and the indigo precipitated (vat dyeing). Synthetic indigo 
uiay also be deposited in this mannor, as for example by steiming fibre 
previously printed witli alkalme nitrophenyl-propiol^ite. 
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Indigo is manufactured from anthranilic acid, jw^p^ed 
from naphthalene (§§ 273, 372). Anthranilic acid cornices 
with chloracetic acid, forming phenylglycine-o-carboxyl^ acid, 
COOH.CgH^.NH.CHj.COOHio), a crystalline si;^stance w^ch 
is converted into indoxyl when fused with potash; on oxidising 
the indoxyl either in acid solution with ferric chloride, or in 
alkaline solution with air, indigotin is precipitated (Heumann, 
1890). 


C6H,<; 


.NH2 

COOK 




NH.CH2.COOH 

COOH 




Anthraoilic acid Fhenylglyciiiecarboxylic acid Indoxyl 


2^e^*<C(OH)>^^ +20 > >C:C<^^>CeH4 

Indoxyl Indigotin 

A simple laboratory modification of this process consists in fusing 
phenylglycine (| 271). with caustic potash; on exposing the aqueous 
solution of the orange melt to air, the resulting indoxyl is oxidi^ to 
indigo. Indoxyl is also formed by gently warming phenyl-glycine with 
pyrosulphuric acid : the orange solution is poured on ice, and on adding 
salt, sodium indigotin-sulphonate (indigo-carmine) is precipitated j the 
indoxyl is here oxidised by the sulphuric acid. 

C«H,.NH.CHi..COOH =» > HaO, 


838 . Isatin and Indoxyl. — When indigo is boiled with dilute 
nitric or chromic acid, it is converted into isatin, a coloured 
oystalline substance, which separates on cooling the product; 
it may also be made synthetically, as from o-nitrophenyl- 
propiolic acid (§ 336). 


Isatin was first synthesised from o-nitrobaizoic add, the acid chloride 
of which is converted by - the cyanide synthesis into the alkali salt of 
o-aminobenzoylformic or isatic acid, NH2.CgH4.CO:COOH ; isatin is 
formed from this by the action of adds (Claisen, 1879), 

Isatin or o-amino-benzoylformic lactame, C6H4{^q>CO 

(Erdmann, Laurent, 1841), is an orange crystalUne substance, 
which melts at 201°. ' 

In saost respects it behaves as a ketone, but it interacts with 
phosphorus pentachloride in benzene solution in the same way as 

quinone, ioafming isatin chloride, CgH4{^^CQ, a crystallme substance 
which mdts at I8o^ and . dissolves to a blue solution in ether. 

Isat^ is^^hy^olysed to the o-aminpbenzpylfc»niate. when 

and is immediately re-£wrmedi wh^ the 
set* free (compare Lactcmes, | 15 1 ), wheoce the above 
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synthe^ V on warinmg its chloride with zinc dust and water, 
it is converted into indigo. 

Isatil forms various metallic salts and esters ; O-ethyl’isaiin 
(;pH4'(^Q>C.OEt, trom the silver s{Ut and ethyl iodide, yi^l'^s isatic acid when 

hydrolysed, but the isomeric ii-ethyl-isatinj C6H4<(^^)CO, made indi- 
rectly through indoxyl, yields etkyl-anthranilic acid; isatin itself does 
not act as an imino-compound, and the N-esters are therefore derived 

from a labile pseudO‘(\lf‘)i$atin, -{Baeyer, 1883)- 

When ethyl o-nitrophenylpropiolate is reduced with am- 
monium sulphide, it is converted into ethyl indoxylaiCt 
NH ' 

C5H4^^Qjjj>C.COOEt, a crystalline substance which yields 

indoxyl when fused with potash; indoxyl may also be obtained 
directly from indigo by potash fusion, but with soda at 200°, 
further hydrolysis occurs, and anthranilic acid is formed. 

Indoxyl, is an unstable, oily liquid, 

which is soluble in water, acids and alkalies; the aqueous 
solution has a yellow fluorescence, and the alkaline solution 
rapidly absorbs oxygen and precipitates indigo-blue. 

Indoxyl condenses with potassium pyrosulphate in warm, aqueous 
soluticm, fonflang potassium indoxyl sulphate, CgHeN.O.SO^OK, which is 
sometimes present in urine ; like indican, (§ 337) is is slowly oxidised to 
indigo when exposed to air, and rapidly by ferric chloride in acid solution, 
and hence is sometimes termed urine-indican. Indoxyl, like isatin, forms 
two classes of alkyl derivatives, the being derived from the un- 

known labile ^-indoxyl, 

Indoxyl readily condenses with aldehydic and ketonic sub- 
stances, forming indog en ides, ahalogou s to the hydrazones ; 
indigotin itself is \j; -dsatin-indogenide. 

W^>cS^;c<^>cA 

^Isatin , i|f-Indoxyl 
^'Isatin mdogenide 

BmzcUdehyde indogmide, CeH4<^^)C:CH.C8H5, an orange, crystalline 
substance, melting at 176*, is made by heating benzaldehyde with 
indoxyl. Similarly, indoxyl condenses with isatin in alkaline alcoholic 

solution, fonning indogenidet a brown,- 

cry^aOine substance wbirii is identical with the indigoputpurin of com- 
■merciid indi^ ; it is also ftmned together with indigotin when isatin 
Js »duo{^ 
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Isatin and indoxyl are oxygenated derivatives of indole, 
CgH4^^^CH (§ 409), a crystalline, feebly basic subsUnce, 
which may be prepared by distilling indigo with zinc-dust. 

339 . Synopsis. — Cinnamic acid is a phenyl derivative of 
acrylic acid, and a true unsaturated compound. The patho- 
logical product tyrosine is derived from^hydrocinnamicacid; 
the perfume coumarin from o-hydroxycinnamic acid ; and 
the dye indigo from the related acetylene derivative, phenyl- 
propiolic acid. Corresponding unsaturated hydrocarbons are 
also known. 
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CHAPTER LXI 

THE TERPENES : CAMPHANE GROUP 

^ 840. Turpentine end the Pinenes: Gymene. — Turpentine, the 
sticky exudation of certain conifers, is a solution of resin 
(§ 3 S 0 ill ^ volatile oil, which is separated by distillation with 
steam. This spirit or oil of turpentine, which is employed 
technically* as a solvent of oils and resins, is a mixture of 
isomeric hydrocarbons of neighbouring boiling-point, which 
are known as the terpenes. The relative amount of these 
varies with the source of the turpentine; the principal con- 
stituent obtained by fractionating the American oil is dextro- 
pinene, whilst French turpentine yields mainly laevo-pinene. 

(Berthelot, 1850), is a colouiles;, insoluble 
liquid which boils at i55°» and has the characteristic odour 
of turpentine. It is lighter than water, and dextrogyrate; 
sp. gr. = 0-858/15°; [a]j, = -1-21°. l-Pii^ne^ its optical 
antipode, is otherwise identical in properties. 

^ene has the composition of an alkyl-dihydrobenzene (§290), and that 
it is closely related to benzMie is shown by its rapid oxidation to p- 
cym^e whai chlorinated, or heated with iodine or concentrated sulphuric 
acid. But although convertible into benzenoid confounds, it is not 
itself benzenoid but olefinic in character ; it is essentially an unsaturated, 
unstable substance, and can rarely be recovered from its derivatives. 
Ite relatiOT to the other terpenes is discussed later (§ 350). 

The hydrocarbon cymene, with which most of the terpenes 
are dosely connected, occurs naturally in oil of caraway 
se^ and eucalyptus ; it is prepared either by heating oil of 
turpOTtine with iodine, or by distilling camphor (§341) with 
phosphorus pentoxide. . 

CioHi, + Cla « CioH„-+ 2Ha j 

Pmfene Cymcae 

CioHijO -CteH,4 +H,0. 

Cainphde Cy^ne 

i^Cymne oty-methyl-isopfopylhenz^, 
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(/>), (Gerhardt, 1839), which is a light, insoluble liquid of 
pleasant odour, boils at 175° and freezes at -73®, In its 
chemical behaviour it resembles the lower alkyl-benzenes, 
forming sulphonic acids, phenols, etc.; and that it is a 
paramethyl-alkylbenzene follows from its oxidation to*^-toluic 
and terephth^c acids, when boiled with dilute nitric acid. 

The proof of its coostitutioa is completed by direct synthesis. On . 
boiling 'benzene with isopropyl chloride in presence of aluminium 
chloride (§ 279), cumene or isopropylbenzene, CgH5.CHMe2, is formed, a 
liquid which resembles cymene and boils at 153° ; and on brominating 
this hydrocarbon, a bromocumene is obtained, which is convertible into 
cymeofi by the methyl-iodide-sodium synthesis {§ 379). 

CgHe -► C.Hj.CHMea -> COOH.CsH,.COOH{f>). 

The natural cymene-phenols, carvacrol and thymol, are also 
closely related to the terpenes,* carvacrol, which occurs in oil 
of garden-cress, and wi^ thymol in oil of thyme, is easily 
made by boiling camphor (§ 341) with iodine. 

CjtoHigO -j- I2 — + 2HI, 

Carvacrol or i:4:2-hydroxy-p-cymene, CH3 < f > CHMca 

OH 

(Muller, 1869), is a liquid which boils at 236®, whilst thymol, 
its i:4:3-isomeride, is a crystalline solid melting at 51®; both 
are scarcely soluble in water (compare Poljrphenols). 

The relation of carvacrol to f>-cymene is shown by its conversion into 
this hydrocarbon when heated with phosphorus pentasulphide, and by 
its synthesis from cymenesulphonic acid by fusion with potash. The 
ortho-relation of the hydroxyl to the methyl group, of carvacrol is 
demonstrated by its conversion into o-cresol when Iteated with phos- 
phorus pentoxide (the isopropyl being eliminated as propylene). Thy- 
mol is similarly convertible into ^-cymene and m-cresol. 

CH,<CZ>CHMe, CH,< >CHMfc, -»CH.<r > 

M3H OH “ OH 

Cynenesulphonic acid Carvacrol tf-Creso] 

When cymme is taken intamally, it is excreted as cuminic or cumene- 
carboxylic acid, CHMe2.CeHi.COOH, a crystalline substance, which is also 
formed by oxidising its aldehyde, cumincU, CHMcj.CgHi.CHO, the essen- 
tial constituent of oil of caraway. 

341, Camphor and Camphoric . Acid. — The natural product 
camphor, which is intimately connected with the terpenes 
and cymene, is extracted from the old wood of the Japanese 
camphor-laurel by distillation with steam, and is also manu- 
factured artifibially from turpentine (§ 344). 

d-Camphor, is a transparent, tough, crystalline,^sub- 

stance, having a characteristic odour; it melts at 176^, 
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and boils at 209°, but sublimes slowly "at ordinary tein^ra- 
tures; its specific rotatory power in alcoholic solutioti is 
[“]»= +44°- The corresponding 1 (evo- and inactive moHifi- 
caiions differ from it only physically. ' ' 

The determination of the constitution of camphor ‘ and 
confirmatory synthesis have involved much laborious work, 
.owing to the liability of certain of its derivatives to iSoiiieric 
change. It is brominated and sulphonated almost as readily 
as an aromatic compound, but although it is convertible’ into 
the benzenoid compounds, cymene and carvacrol, it is a 
saturated cyclic ketone (§287) and not a derivative of benzene. 

There are three sets of mono-substitution products, the a, ^ and tt 
derivatives (§ 342). The B-halogen compounds are formed by direct 
substitution of the hydrogen of the CH2. CO -group, whilst the ^ and 
TT-compounds are obtained indirectly, usually by decomposing the corre- 
sponding sulphonic halides. The a-chlorobromocamphors and ehloro- 
nitrocamphors exist in stereoisomeric pairs (compare § 326). 

d’Campkorsulphonic acid, C10H13.SO3H, which is formed by sulphonating 
camphor in acetic anhydride, is a powerful acid, and forms stable, well- 
crystallised salts with ammonium and analogous bases. As it is strongly 
dextrogyrate, its salts with the constituents of racemic ammonium bases 
(§ 214) are not enantionaorphous, and may be separated by fractional 
crystallisation. 

' The ketonie constitution of camphor is demonstrated by its conversion 
into a hydrasone and crystalline oxime, and its interconvertibility with a 
secondary alcohol, ti-bomeol (§ 344) ; and that the ketonie group is associ- 
ated with a methylene group is proved by the formation of henxylidene and 
isonUroso compounds by condensation with benzaldehyde and nitrous acid 
(§§ 276, 234). 


^ /C:N.OH 

CaH.Aco " 

Isonitrosocamphor 




^CO 
Camphor 


CiNOH. 

CamphorOKime 


A saturated ketone of , the formula is necessarily 

a ring compound, for a ten-carbon, open-chain compound of 
this class would have the formula ; and as the pre- 

sence of a single carbon ring in the molecule accounts for 
only two of the missing valencies (§§287, 288), at least two 
rings must be present (compare § 349). 

Camphor is therefore a bi-cyclic compound. The 
ring vyhich contains the ketonie group is ruptured by energetic 
oxidation ,* and its nature, with that of the second ring, is 
determined by a study of camphoric and camphoronic acids, 
the oxidation products. 

f Wtfea camphor is boiled with concentrated nitric acid, it is oxidi^ to 
4'eamphoric acid»; a dibasic acid of which six stereoiscxneFic 
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known (§ 342) ; each of the optically isomeric camphors is connected with 
aiabile cts- andastableorfrans-modification (§336). The same d-acid 
is formed by the oxidation of a-bromocamphor or a^chlorocamphor. 

drds,-Camphoric aoid^ CgHj^(COOH)3 (Laurent, 1836), is a 
crystalline substance, which melts at 187®, and has a specific 
rotatory power [a]^ = + 50® ; K = 0-0023 » as it forms a 
hromo-acid by direct substitution, and does not at once reduce 
cold alkaline permanganate, it is a saturated compound. 

The hydrocarbon, CgH^g, from which it is derived, is there- 
fore a cycloparaffin (§ 288), and the acid is analogous in con- 
stitution to the dicarboxylic acids of the succinic-adipic 
series (J152). 

When camphoric acid is distilled, it is resolved into a 
crystalline anhydride, melting at 221°, from which it is re- 
coverable by the usual hydrolysis ; and this anhydride may 
be reconverted into camphor, through homoc amphoric acid, 
the next homologue of camphoric acid (Haller, 1896). 

It is therefore clear that the camphor and camphoric acid 
molecules posses a common nucleus, CgHj^:C2, and that the 
bicyclic ketone is converted into the monocyclic acid by 
a process parallel to the conversion of the monocyclic keto- 
hexamethylene into the open-chain compound, adipic acid 
(§ 287). 


.CH, 


COOH 




xo 

Camphor 

-f 


Camphonc acid 
^ 


■ CsH ,<^^0 
Camphoric anhydride 


The anhydride is reduced by sodium amalgam to a crystalline lactone, 
camphoUde (compare § 324), which by heating with potassium cyanide 
and hydrolysis of the resulting is converted into the homologous 

acid. Homocamphoric acid, CgHigiCOOH)^, which is a saturated dibasic 
acid, closely resembling its lower homologue, may also be made by 
hydrolysing a<yanocamphof, which is formed by the action of cyanogen 
bromide on sodium (compare § 10?). 

Like barium adipate, barium homocamphorate is resolved by distillation 
into barium carbonate and the corresponding cyclic ketone (§ 289) ; and 
this is identical with camphor. 


P „ /CHNa 


\cb 

Sodium caniphor 
CaH: 


/CH.CN 
CL-Oyaaocamphor 


„ /COOH ^ 

Camphoric acid Camphoric anhydrlds 

Homocamphoric acid Nitrile CamphoUde 


‘^0 
Camphor 


34S. Xonstitutlon of Camphoric Aeld and Camphor.— As adipic 
and its higher homologues do not readily form anhy- 
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diides (§fi52, 288), the ready dehydration of camphoric acid 
(even by digestion with cold acetyl chloride) proves it ;to be 
a substituted succinic or glutaric acid. On the other hand, 
as homocamphoric acid does not form an anhydride* it is 
at least an adipic acid, as is proved independently by the 
formation of the cyclic ketone, camphor, when its barium 
salt is distilled; substituted glutaric acids do not form cyclic 
ketones directly. 

But as homocamphoric acid is not a glutaric derivative, 
camphoric acid, its next homologue, cannot be derived from 
succinic acid ; it is therefore a substituted glutaric acid; and 
hence the ketonic ring of the camphor molecule contains five 
carbon atoms. 

CH 2 .C.C.C.CO CO 2 H.C.C.C.CO 0 H C02H,CH2.C.C.C.C02H 

! . 

Ketonic cami^or ring Camphoric (glutari(J chain) Homocamphoric (adipic) chain 

i I 

The nature of the second ring remains to be determined. 
Camphoric acid is resolved by further oxidation into an 
open-chain, tribasic acid, camphoronic acid^ a cr3retalline 
substance (m.p. 137°}, which has been proved syntheticaliy to 
be aaP-trimethyUricarhallylic acid^ COOH.CMe2.CMe(COOH). 
CH2.COOH. The cycloparafiin, CgH^g, from which camphoric 
acid is derived {§ 341), is therefore a trimethyl-compound; 
hence the non-ketonic ring of camphor also contains five 
carbon atoms, and is that of a iyimeihyUyclopentane^ C.H^Me^, 

This hydrocarbon is known as camphoceane, and the cone- 
sponding ring in the camphor molecule is termed the cam- 
phoceanic, as distinguished from the ketonic ring. 
Camphoric acid is trimethylcyclopeniane-dicarboxyHo udd^ and 
camphor the cyclic ketone of its next higher homologue. 

CH 2 — CHg COOH -CH^ 

' CH.CMe 5 (T)CMe -4->CH.CMe2.CMe COOH.CMea.eMe 

|o)GHi-~i^CO COOH COOH [COj] COOH 

Omphor Camphoric acid. lifempIi^rDnic acid 

^ (c ss Camphoceanic ring ; k = Ketonic ring). 

The position of the unchanged (CMe) carboxjd group in the camphoric 
acid molecule ft^ows from 'its position in that of camphtMTomc acid, and 
the position of the second (CH) carboxyl from the glu^c constitution. 
This may also be proved independently ; camphoric add forms but 
one dir^t bromo-substitutiem product, hromocamphoric addi which 
from (isyalogy with saturated aliphatic adds, sho«$ fjhat in its molecule 
b but ooe bydrogenated carbon atom linked to carbox^,^: *’ ' ' 
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There is further a great differentje in the activity of the two carboxyl 
groups; orthoethyl hydrogen (>CHXOOEt), which is formed 

by the action of sodium ethoxide on camphoric anhydride, is readily 
hydrolysed, yihoxeo&aUoethyhhydrogen mmphorate ( >CMe.COOEt), which 
is formed by partial hydrolysis of diethyl camphor aU, is comparatively 
resistant to hydrolytic agents. The more active carboxyl, from analogy 
with aliphatic compounds, is that which is associated with the CH-group j 
trimethyl-acetic aci# (§ 99) is much less active than isobutyric acid. 

. CH3 CHa CHs CHa 

CH3.CH.CMe3.CMe.CO COOH.CH.CMe3.CMe.COOH 

\ 

Camphor ami Camphoric Acid as Triincthylglutacic Dedvatircii 

As there are two asymmetrical carbon atoms (CH and CMe) in the 
camphoric acid molecule, there are dextro-, Isevo- and inactive modifica- 
tions of the acid, but there is not a second inactive form, as the carboxyl 
groups are not equivalent. These groups being linked to a saturated 
carbon ring, each modification further assumes tw(T stereoisomeric forms ; 
in the tts-acids the groups are on the same side of the ring, whilst in the 
imffs-acids they are on opposite sides (§ '326). 

* The above formulae render the peculiar double relation of 
camphor to benzenoid and cycloparaffinoid compounds 
intelligible. The molecule not only contains the five-carbon 
camphoceanic ring from which camphoric acid is derived, 
but also a methylcyclohexane ring, the para-atoms of which 
are connected by a bridge-group, CMe2. 

The bridge is broken by certain reagents, with the result 
that derivatives of cymene are formed ; the bridged- 
ring is changed into an ordinary benzenoid nucleus, 

CH2 CHa CH CH 

CH.CMe2.CMe > CHMea.C CMe 
CH3 CO CH=-C.OH 

** Camphor Carvacrol (olefinic formula) 

The alternative constitution, in which the CMe2 -group is interchanged 
with a camphoceanic CH2 -group, does not account for the formation of 

-cymene and carvacrol from camphor ; the above formulae were fn fact 
originally constructed by superposing the nucleus of camphoronic acid 
on that of caryacrol (Bredt, 1893)* Eor the same reason the ketonic 
group is next the CMe -group. 

This reasoning is not quite decisive, as it is possible to obtain m-cymene 
ftnd other alkylbenzen^ directly from camphor; but it has been fully 
justified by independent considerations. When, for example, isonitroso- 
camphor (| 341)13 warmed with hydrochloric acid, it is converted into 
o.~camphoramic acidt which is also formed directly by the action of 
anunooia on camphoric anhydride ; the active CH2-group of camphor is 
here cwiverted into the active carboxyl group of camphoric acid. But 
th 4 carboxyl is connected with a )CH-group (above), so that the active 
CH2.^<Hip of camphor is also linked to this )CH-group, and the 
associated ketmuc carbonyl, therefore, to the )CMe-group. 
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CHa.CH. CiN.OH CH3.CH.CONH3 CHa.CMe.CO ^ - 

I CMea j -> I CMe^ ^ I CM^a \q 

CH,.CMe.CO CHa.CMe.COOH - CHa.CMe.CO^ 

Isomtrosocamphor a-Caiitphoramic a<:id C amp liaric anhydride 


343 , Synthesis of Camphorie Aeid and Camphor.— The consti- 
tution of camphoric acid has been'finally confirmed by its 
synthesis from dimethylglutaric and oxalic acids. 

Under the influence of sodium ethoxide (§ 146) the esters 
of these acids condense to dikelocamphopyric ester, which is 
reduced by a somewhat circuitous method to camphopyric 
or apocamphoric acid (§ 344), the next lower homologue of 
camphoric acid. 


COOEt CHg.COgEt CO.CH.COa^t CHa.CH.COaH 

+ CMej > I mej ' -> ! cMej 
COOEt CHj.COjEt CO.CH.COjEt CHj.CH.CO„H , 

OMlIte dlketocamphlpyrats Camphopyric add 

glutirate 

Ethyl diketocamphopyrate, like ethyl acetoacetate, forms 
a sodium compound, which interacts with methyl iodide 
forming ethyl dikeidoamphorate, from which, by a similar 
process of reduction, inactive camphoric acid is obtained 
(Komppa, 1903). 


CO.CH.CO^Et CO.CH.CO^Et CH^.CH.COoH 


CMea 




CMen 




CMe, 


CO.CH.CO^Et CO.CMe.COaEt 

Ethyl ^ Ethyl 

diketocamphopyrate diketocaniphorate 


CH2.CMe.CO2H 

/-Camphoric 
acid " 


^/5. Dimethylglutaric add is made synthetically from acetone and 
ethyloyanaretate. These substances condense in presence of diethylamine, 
forming ethyl aa -dicyano-^^-dimethylglutaraie, CMe 2 tCH(CN) COOEtlo, 
a crystaUine substance which is converted into the glutaric acid by hy- 
drolysis with moderately concentrated sulphuric acid : the substituted 
malomc acid, which is formed initiaUy, at once loses carbon dioxide. 


COMe^, + aCHaiCNl.COOEt = CMe^iCHlCN). COOEt] j + H,0 • 
CMe|[CH(CN).C00Et]3 CMejCH(COOH).COOH ]3 -> CMesiCHa.COOHlj+aCO, 
344 . The Borneols and Camphenes: Camphane.— Camphor is 
reduced by sodium in alcohol to two secondary alcohols, 
borneol and isobomeol, which also occur naturally; they are 
separable by fractional crysridUsation from Ught petroleum, 
and are probably stereoisomeric. 
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d-Borneol or Borneo camphor, (Pelouze, 1836) is 

a crystalline substance which melts at 204° and boils at 
212''; it sublimes readily, and physically resembles camphor, 
although more pungent in odour. It is converted by acetic 
anhydride into a crystalline acetate, and is re-oxidised to its 
ketone, camphor, by dilute nitric acid. 

The correspoaduig lo'.vo- and inactive borneols are similarly related to 
laevo* and inactive camphor. 

hohorneoU Ci^oHi7.0H (Bertram, 1894), which melts at 212% sublimes 
with great readiness ; its acetate is liquid. The acetate is also readily 
formed by the action of warm acetic acid, in presence of sulphuric acid, 
on camphene ; and together with the latter by heating bomyl chloride 
(pinene hydrochloride, § 350), with sodium acetate and acetic acid at 
250°. 

Like bomeol, isoborneol is reconverted into camphor when oxidised. 

The bornyl halides, which are identical with the pinene 
hydrohalides (§ 350), are convertible into isobornyl com- 
pounds, but the action is not reversible, A similar instability 
of the acid oxalic ester is utilised in the manufacture of cam- 
phor from pinene. 

CioHi 7.0.CO.H^ C10H17.O.CO.COOH ^ C^oHieO + 2CO+ HjO. 

Bornyl formate Bornyl hydrogen oxalate Camphor 

Barnyl hydrogen oxalate, which is obtained by heating turpentine with 
anhydrous oxaUc acid at 130°, is mixed with alkali and distilled with 
steam, by which process it is converted partly into bomyl formate and 
carbon dioxide (compare § 128), and partly into camphor and carbon 
monoxide ; the liquid bomyl formate is then oxidised to camphor by 
heating with chromic acid, and the whole product purihed by sublima> 
tion in dry steam. 

When borneol is dehydrated by phosphorus pentoxide, it 
IS converted into a quasi-saturated, crystalline terpene, cam- 
phene, which is a trimethylene derivative ; but bornyl iodide, 
which is formed by the action of moist hydrogen iodide on 
borneol or pinene, is dehalogenised by alcoholic potash mainly 
to an unsaturated terpene, bornylcne, 

• d-Camphene or isobornylene, (Berthelot, 1858), is a 

crystalline substance melting at 152°, which occurs naturally 
in various essential oils ; it is usually made from pinene (§ 350). 
When oxidised with nitric acid, it is converted into camphoic 
acid, CyH^j(COOH)3, ^ saturated tribasic acid, which is re- 
solved into the anhydride of camphopyric acid (§ 343) when 
heated (Marsh, 1891). 
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CatDpbene 


Camphoic acid 


Campliopyric ddd 


Camphene forms an additive dibromide^ although with some difficulty, 
and its hydrochloride is identical with isohomyl chloride^ which is formed 
by the action of phosphorus pentachloride on isobomeol, or by the iso- 
merisation of bornyl chloride (pinene hydrochloride) ; it is therefore 
obtained when pinene hydrochloride is heated with dilute alkalies. When 
heated with glacial acetic acid, it is converted into isohornyl acetate. 

Bomylene, CjoH^g (Wagneiv 1900) is a crystalline substance which melts 
at 98®, and sublimes very readily. When digested with cold alkaline 
permanganate it is oxidised to camphoric acid (compare § 290), and not 
to camphoic acid ; and it is reconverted into bornyl iodide by moist 
hydrogen iodide. As it is indifferent to acetic acid, it is readily 
separable from camphene. 


c.h,.<^hoh ' 






Bonieol Bomy] iodide Bomylene Camphoric acid 


The cmresponding saturated hydrocarbon, camphane, is obtaiued by 
reducing bornyl iodide with zinc and hydriodic acid, and a compound 
which is probably identical is formed by reducing camphene with hy^ogen 
in presence of reduced nickel. Camphane, CioHis (Aschan, rgoo) is a 
crystalline substance which melts at 154®, and boils at 162®; it has no 
action on cold, dilute alkaline permanganate, and is therefore a saturated 
compound. 


Camphane is the mother-substance of the camphor group ; 
bomeol and camphor are respectively hydroxycamphane and 
ketocamphane, Bomylene is the corresponding olefine, and 
camphene the isomeric trimethylene derivative (Forster, 
1901 ) ; the three hydrocarbons constitute a group analogous 
to propane, propylene and trimethylene. 


CH2.CH.CHa 
I CMea 
CH3.CMe.CHa 

Camphane 


CHa-CH . CH 

I CMca I 

CH2.CMe.CH 

Bomylene 


CHa.CH . CH, 
CMe, 

CH.CMe. CH 

I I 

Isobornylene 
or camphene 


Fenebone and Fenchene.—Fenchone, a liquid isomeride of cam- 
phor, which occurs in oil of fennel (German, Fenchel), is of interest by 
reason of its close resemblance to camphor. d-Fenchone, CioHigO (Wal- 
lach, 1S90), is a light crystallisable liquid which boils at 193*, and is 
strongly dextrorotatory, [ajt, d-ya®; its tew -isomeride, which is found 
m of thuja, is similar. 

IPhone is convertible into alcohcl, fenchyl chloridisoid fenchene, 
by^iethods prac^caBy identical with those used in the ccmv^<m of 
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campbc^ into bomeo1> isobornyl chlcdde and camphene ; when oxidised 
with nitric acid it yields isocamphoronic addf COOH.CMe2.CH(CH2. 
COOH)j, and on distillation with phosphorus pentoxide it is converted 


into w-cjTnene. 

The^third methyl group is therefore attached to the ketonic methylene- 
carbom which is confirmed by the direct oxidation of the hydrocarbon, 
fenchene, to camphopyric acid, without the intermediate fonnation of 
camphofe acid. Fenchone and its derivatives are therefore represented 
by formulae which differ from those of the camphor group only in the 
position of third methyl radical {Gardner, 1898). 


CHTH:CMe 

CHg.CH , CHMe 

CHy .CH.CH2.COOH 

CH.C : CH 

^ I CMe^ 1 

1 ■ CMe, 

CHMCa 
w-Cymene 
(otefiuic fonauial 

CHa.CH . CO 
Fenchone 

I 

COOH COOH 
Isocamphoronic acid 


CHg.CH. CMe 

CH2.CH.COOH 


1 CMe^lj 

1 CMe, 


CH3.CH . CH 
Fenchene 

CH,.CH.COOH 
Camphopyric add 


346, Synopsis. — ^The terpencs are unsatiirated hydrocarbons, 
which are closely related to cymene or p-methyMsopropyl- 
benzene. 

The camphane terpenes are derived from a saturated, 
bridged-ring hydrocarbon, camphane or trimethylbicyclohep- 
tane, and are distinguished by combining additively with two 
univalent atoms. 

Camphor is ketocamphane, and bomeol the corresponding 
secondary alcohol ; camphoric acid, the first oxidation pro- 
duct of camphor, is trimethylcyclopentane-dicarboxylic acid. 
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the camphane terpenes. 


[346 


CMe, 


HgSO^ 


CH . CMe:CH 
pinttie 
(turpentine) 

r 

lorms dibromide 


C3H20< 


Y 

CHa.CH . CHa 


CH;C . CH 

I CHHOa I < 

CH:CSle.CH 


^-wetkyl-isopropyJhiHzent 

lolcfinic formula) 

075“) [-73"1 ■ 

cfia CH . CHa 


CMe_ 

CH fl.CMe.CHOH^“^^ 
bomeol; ^ f 

f^ydroxycampkane 

(204'] (212") 


H 

(on iodide) 


CHg.CB . CHa 

j I 

CHa.CMe.CHa* 

campliane 

irimcihylbicyclohe plane 

[154*] (162”} 

saturated hydrocarbon 

. A 


^ HNbr> . I I 

— > I cue, 


CHi’.CMe.CO 

camphor 

ketocamphane 
three stereoisomerides 
- [i 76 “J (209') 
stiblinies 


CHa.CH . COOEt 

CMe„ 


CH:C . CH 

-> I CHMea|j 

CH:CMe. e(SH) 
carvacrol; 
hydroxycymene 
(olefinic formula) 
(2367 


CHa.CH . COOH 
I CMOa 
CHaiCMe.GOOB 



camphoric acid 

campkoceane- 
dtcarbtrxyirc aad 
six stereoisomeridea 
[i57*J 


Y 

COOH COOH 


CHaXH . CHa 

CMca 

CH. CMe.CH 




CHa.CWe. COOEt 

fiftyl 

diketocamphorate 


Y 

CO.CH.COOEt 


CMca 

CHa-CMeX 


CMea 


campkene 

solid 

forms dibromide 


CH 


Ib.CH . 


hno» 


COOH 


CMca — 

CHaX . COOH 
COOH 

tetmiAetc acid 


CO.CHXOOEt 

ethyl 

dikeiccamphopyrati 

[98*] 


CBa.CHCOOH 
-I CMo. .f. 


NaOEt 


^...eXOOH 
camphoronic acid; 
oa^-trimethyliricarbalMrc 
acid 

Ii37’J 


COOEt CHaXOOEt 
■ I + CMea 


COOEt CHaXOOEi 

ethyl ethyl . 

oxalate ^pi-dimethyh 

glutarati 


CHa.CH . CMe 


CH,.CH.COOH 
camphopyrlc acid 

apMom ^ nc add 


HNQs 


■ CMea I 

CHaXH . c!!h 
f^hene 
Kquid (ifo*) 
forma dimnud*^ 



CHAPTER LXII 

THE TERPENES : MENTHANE AND OLEFINE GROUPS 

347 . The Limonenes: Terpin Hydrate and Terpineol. — The 
chief constituent of the oil of orange and lemon rind is a 
strongly dextrogyrate terpene, citrene or limonene, which 
occurs also in other essential oils such as oil of lavender and 
bergamot. . 

d-Limonenef (Schweizer, 1841), is a light, colourless 

liquid, which boils at 177°, and has the characteristic odour 
of lemons; sp^ gr. = 0*856/15®; [a]j, = + 125®. l-Limonene, 
its optical antipode, is the principal constituent of the fragrant 
oil of coiiifer leaves, i- Limonene or dipeniene, which is 
obtained by mixing the two isomerides, or by racemisation of 
either at 270®, occurs naturally in oil of cinea, and is- ^dso 
formed by heating pinene or camphcne. J;- 

Dipentene is thus present in Swedish oil of turpentine, which is 
by distilling the natural product at a high temperature ; it is also formed 
in a somewhat similar manner by distilling indiarubber, owing to the 
polymerisation of a simpler hydrocarbon, isoprene or pentadiene {§ 351). 

The limonenes differ very markedly from the pinenes and 
camphenes, and especially from the latter. They are essen- 
tially diolefines, and therefore monocyclic compounds (§ 349). 
Although closely related to cymene (§ 340) and convertible 
into this hydrocarbon by oxidation with sulphuric acid, they 
are not benzenoid in constitution, but cyclo-olefinic ; they 
readily form additive products, and break up altogether when 
oxidised. They are even unstable to hydrolytic agents, and 
are thus interconvertible with open-chain, aliphatic com- 
pounds. 

The limonene tetrabromides, C^oHigBr^, are stable crystalline substances ; 
the active modifications, [ajo = ± /S”* nielt at 104“, whilst the inactive 
modification, formed by melting these together, or from t-limonene. 
melts at 124®. The monohydrochlorides, which are formed by 

direct c^bination with dry hydrogen (iloride, are similarly related, but 
the dihydrochloridies, which result when moisture is present, are identical 
with one another, and with pinene dihydrochloride (§ 350)* Imoneni 
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cx dipetiitne dihydrochloride, C^oHjgClj, is a crystalline substance melting 
at 50® ; it is reconverted into ♦•limpnene when heated with ^dline. 

The nUmocMlorides, (^oHigNOCl, melt at 103“ ,* the inactive modifica- 
tioa is converted by alcoholic potash into i-carvoxime, CtoHi4:N,OH 
the oxime of carvone or oil of caraway, CioHt40 ; this is a ketonic com- 
pound which is readily convertible into the isomeric carvacroL 

Limonene dihydrochloride is hydrolysed by dilute alcohol 
to a saturated aliphatic alcohol, terpin hydrate, which is also 
obtained when pinene or limonene is digested with dilute 
acids. This alcohol is readily reconverted into t-Umonene, 
either directly, or through terpin/ a saturated cyclic 
Edcohol, and a related unsaturated alcohol, terpineol. 

cis~Terpin hydrate, CjpH^g(OH)3, is a crystalline substance 
melting at 118®; it is reconverted into limonene dihydro- 
chloride by concentrated hydrochloric acid, and into limonene 
itself by dehydrating agents. When heated alone* terpin 
hydrate is converted into ds-terpin, which by further de- 
hydration, with phosphoric acid, yields terpineol. 


CgHgMe.CMea.OH, is a crystalUsable oil of high boiling- 
point, which resembles lilac in odour ; it may also be made directly from 
limonene dihydrochloride, and is reconverted into it by concentrated 
;^^ochloric ^d. When distilled with potassium pyrosulphate it is 
into f-limonene. Terpineol is a tertiary alcohol (§ g8), and 
a monolefine, is hence a monocyclic compound. 




_ ,.CH^OH 
Ter^ hydrate 


LoHi6(OH)a - 
Terpin 




Terpine^ 


Limonene dihydrnchlorido' 

348 . The Olefinlc (Open-Chain) Terpenes.— The constitution 
of terpin hydrate (and, therefore, in part, of limonene} 
follows from its formation by the hydration of linalool and 
geraniol, two open-chain, diolefinic alcohols. 

Wnalool, CMe2:CH.CH2.CH2.CMe(GH).CH:CH3 (Morin, 
1881), which occurs naturally in lavender and bergamot, is 
a fragrant liquid boiling at 195®. When gently oxidised it is 
converted into metkylhepfenone, a monolefinic ketone whose 
constitution h^ been established synthetically; and when 
shaken with cold, dilute sulphuric acid it is converted into 
terpin hydrate. 




COMe.CHj.CHj.CHK:Mea 
p 50 J 


CH:CH, 

LinaloOl 


T - 

Tvpluhy^W 
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Linalofil is .converted by acetic anhydride partly into »-limonene, and 
partly in^ the ncetate of the isomeric alcohol, gerahiol. Geraniol or 
lemondy CMe5,:CH.CH2.CH2.CMe:CHXH20H (Jacobsen, 1871), a primary 
dit^efinic alcohol, which occurs naturally m roses, lemoii*grass and 
geraniums, is a fragrant, optically inactive liquid ; it resembles roses in 
odour when diluted, and with the corresponding monolefinic alcohol, 
fhodiftolt CMe2iCH.CH2»CIl2.CHMe»CH2»CH20II, forms the essential 
constituent of attar of roses. 

Geraniol, like linalofil, is converted into terpin hydrate by cold, dilute 
sulphuric acid, but is resolved by alkaline permanganate into levulinic 
and oxalic acids and acetc^e ; hence its constitution. 


OMe%cH.CH,OH 


COMe.CHa.CHa.COOH + COMe, 

. Levulimc acid Acetone 
+COOH.COOH 
, 0:^ic acid 


Terpin hydrate 


As a primary alcohd, geraniol forms an aldehyde, geranial or citral 
CgHig.eiK) (winch also occurs naturally in oil of lemon-grass), arid an 
acid, geranic acid, C9H15.COOH. Geranial yields ^-cymene when distilled 
with potassium pyrosulphate, whilst geranic add can he made synthetic- 
ally from methylheptenone and ethyl iodacetate by the magnesium 
n^tbod ( § 98) ; in both cases the constitution deduced from the oxidation 
of the alcohol is confirmed. 


Geranial j»*Cymene (oleflnic formula) 

When germiiol itself is dehydrated, it does not form a cycHc oompom^d 
^ open-chain, triolefinic terpene. Geraniene, CMe2;CH.CH2.CH:CMe. 
CHXHa, is a light, terpenoid liquid boiling at 17+® ; it rapidly resinifies 
by absorption of oxygen, and as a triolefine forms a crystalline hexa^ 
oromide, Myrcene, a similar unstable terpene occurring in oil of bay, 
IS also converted into terpin hydrate by dilute sulphuric acid. 

^ The easy resolution of these terpenoid compounds into 
comparatively simple aliphatic products, renders it not im- 
probable that they may be formed naturally, with the related 
terpenes, by progressive condensation, and that terpenoid 
molecules may be built up automatically in a very similar 
manner to those of the natural sugars, — from such materials 
as formaldehyde, acetone, acetic acid, and carbohydrate 
derivatives of the of levulinic acid. 

849, Constitution and Synthesis ol Limonene: Henthol and 
wenthane. — M limonene forms a tetrabromide, it is a diolefine, 
and therefore a monocyclio compound, and not a bicyclic or 
ndged-^ing compdund like camphor and the camphenes 
convertibility into carvacrol suggests a six- 
carbon Gonteining para-methyl and isopropyl groups, 
^ tins is supported by its interconvertibility with 

HH 
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terpin hydrate and terpineoL The entire absence' of ^-toluic 
and terephthalic acids, and cycloid acids of the cati^horic 
type from the products of its oxidation render it unlikely, 
however, that the isopropyl group is present as such ^ hence 
it follows that one of the olefinic linkages is situated in 
the “ isopropyl side-chain. 

The limonenes are thus tetrahydrotolueues, containing a 
^-propenyl group in the para-position (Wagner, 1894). Their 
characteristic odour appears to be dependent on the con- 
current presence of double linkages in the ring and side-chain 
{compare § 290). 

™^<CH;.CH:>™. CMa<^H ;CH.>ch.C<CH 3 

A -Tetrahydrotoluene ti?-,/-,/-Limonene 

The A^-position of the cycloid olefinic linkage (§ 336), which is estab- 
lished by the relation of the hydrocarbon to terpineol and- geranial, 
riders the molecule asymmetrical (C) and capable of optical activity; 
in the dihydrochloride, however, this asymmetry disappears, and hence 
the same inactive product is obtained from all ti^ee limonenes. For the 
same reason terpineol can assume optically active forms, whilst terpin 
can only form stereoisomerides of the hexahydroterephthalic type (§ 326), 

CMe ^ CMeOH<^g=‘;^^»)CH.CMeaOH 

' cis- and 

>■ CMeCl<cH 3 ;cH!)CH.CMea.CH 3 f 

Limonene dihydrochloride 
[Terpinyleae dichloride) 

The constitution of the compounds of the limonene group 
has been verified by the synthesis of inactive terpineol from 
ethyl h-ketohexakydrohenzoate by the magnesium methiodide 
method (§ 98) ; the terpineol thus obtained is interconvertible 
with i-limdnene (§ 347), .which is identical with the natural 
product (Perkin, jun., 1904). 

The />-ketOigroup of the ketonic acid is first converted into a CMeOH- 
group, by treatment with magnesium methiodide ; the hydfoxyhexa- 
hydrotolit^ ester, thus formed, is then dehydrated; finally the carbethoxyl 
group of the resulting ester is similarly converted into a 
CJj^^H-group (§ 98), thus converting the ester into terpineoL 
I ^CMeOH4H-CH.)CH.COpEt. — ^ 

jJcetotxexalsyc^benzoats 

4 

(-LimonaBa >-Terpiaeol 

Ket(^ei^ydrobenzc^ acid is made synthetically from ethyl cyhnace* 
fate and ethyl /S-iodopropionate, two molecules of the itta bejn^ 
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to methylene carbon of the former by the sodium method (§ i48fl). 
^e, cyano’tricarboxylate thus obtained is converted by the usual 
hvdrbfysis into a substituted malonic acid, which at once loses carbon 
(hoxide, yielding pentane-ayE-tricarhoxylic acid, COOH,CH{CH2.CH2.’ 
COOH)2. This tricarboxylic acid is converted into the keto-acid when 
boiled with acetic, anhydride and distilled. 


CH2l.CH..C00Et CHa.CHa.COOEt CHa.CHj.COOH 

CN.GHa.COOEt . -?• CN.GCOOEt -> COOH.GH ■ 

GHaLCHa.COOEt CHa.CHa.COOEt CHa.CHa.COOH 

Ethyl cvanacetate and Ethyl y-cyatiopentane- Pcntane-aye- 

• ^jodooropionate ayc-tricarboxylate tricarboxylic acid 

COOH.CH<®-™=>CO< 1 

J.Ketohexahydro ben zoic acid 


The saturated cycloparaffin, hexahydrocymene, which is the 
mother-substance of the limonene group of compounds, is 
formed by reducing menihyl iodide, an ester of menthol or 
peppermint camphor. Menthol, is a crystalline 

substance, melting at 142°, which is readily dehydrated to 
cymene. Menthane or terpane, CHg.CgHj^.CHMeal/?), is . a 
liquid of cycloparaffinoid character, boiling at 167'', 


ch,.ch<^hoh:ch:>™-CH(CH,),— , 

Y Menthol Y 

ch3.c<™-™> c.ch{ch3), ch3.ch<™»;^}|2>ch.ch(ch3), 

/-Cymene (olefinic formula) Menthane 


. The terpenes of the inonocyclic or limonene group are 
termed hydro aromatic terpenes, or terpenes of the 
te^pane or menthane group. The menthane terpenes 
^,e diolefines, and form tetrabromidcs, whilst the camphane 
and open-chain terpends are respectively monolefines and 
triolefines, and form dibromides and hexabromides. 

:Jtfetaterpenes and orthoterpenesare also known, and some 
of them have been made synthetically (Perkin, jun., 1905). , Sylvestrcne, 
from Swedish turpentine, is a derivative of raetacymene, precisely ana- 
logous to Ihnonene in constitution. 


350 . Constitution of the Pinenes. — The pinenes occupy a 
pq^ition , intermediate to the camphane and menthane ter- 
penes; they are unstable, unsaturated substances, and al- 
though convertible into ihost of their isoraerides, they cannot 
bo recovered from them. They are characterised by forming 
Twth nitrosyl chloride at a low temperature a stable, 
nitrosochhride, C4oHjg:NOCl (Tilden, 1875), from 
pnen^ may ^ recovered in a pure state. 
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When pinene is heated at 300**, it is ponverted into ^linmene 347), 
the dihydrochloride of which is also formed by saturating pinene in ether 
with hydrogen, chloride ; similarly pinene monohydrochloride (bomyl 
chlOTide) yiel(^ camphene (§ 344) when dehalogenis^ by dilute alkalies. 
When shaken repeatedly with small quantities of concentrated siiphuric 
acid, pinene is convoked into terpinene, the most stable of all the terpenes, 

d-Pinene decolorises cold, alkaline permanganate, forming a crystalline 
pinene glycoh CioHt6(OH)2, and combines with bromine and anhydrous 
liydrogen diloride, forming crystalline additive compounds, pinene dihro^ 
mide, CjoH^gErg, and bomyl chloride, CxoHi^Cl (§ 334). 

The last named compound somewhat resembles camphor in appearance 
and odour, and was at one time known as artificial camphor. Pinene is 
slowly oxidised even by moist air in sunlight, forming a crystalline sub- 
stance, pinol hydrate (below) ; and crude oil of turpentine is^imilarly 
converted by steam and air into complex resinous peroxides, which are 
useful- as deodorants. 


As pinene forms a dibromide and a glycol, it is a monolefinc, 
and therefore a bridged-ring compound (§ 342), as is con- 
firmed by its reduction to a saturated hydrocarbon, dihydro- 
pinene. Like the camphane' terpenes, - it does not yield 
benzehoid oxidation products, but it is readily convertible 
into cymene and carvacrol {§ 340). 

The mechanism of its oxidation is more complex than that 
of the other terpenes. With chromic acid it gives an open- 
chain, lactonic acid, terpenylic acid, and eventually acetic 
acid and carbon dioxide, whilst with nitric acid it yields 
terebio add, a further oxidation product, Pinene and its 
glycol are converted by cold, dilute acid permanganate 
into a ketonic acid, a-pinonic add, which is resolved by 
further oxidation either into pinic add, a dicarboxylic acid, 
or into terebic acid and aa-dimethyltricarballylic add. 

Products intermediate to pinene and terpenylic acid may 
also be obtained. Moist pinene is converted by air in sun- 
light into pinol hydrate, which is readily dehydrated to an 
Qlefinic ether, pinol. This substance as an olefine is con- 
vertible into pinol glycol, which again yields terpeuylic acid 
on further oxidation. 


. ^ [C,H^(C00H)2] ^ 

CjpHjj Pinene glycol Pinic acid 

Pmertc C,H,j02.C00H ^ 

Pinol hydrate XerpeDsfic acid 


CflH.Oo.COOH 

^ Terebic acid 


Terpenylic add, CjHnOa.COOH, at 37*, and has been proved 

synthetically, to be the lactone of ) 3 *hy^xyisopropyl‘gtntaiic acid ; 1 
yields terebic airiC when oxidised- with perm^ganate, T(^^&«^ 

i^hich melts at 174 "1 is hydrol)^ by baryiU rt 1® 
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acetone and siiccinic acid, whence it is the lactone of hydroxyisopropyl- ' 
succinic acid ; this also has been confirmed synthetically. 

CMeaXHtCHa.COOHj.CHa.CO CMe,.CH(COOH).CHa.CO 

1 n — I L O- — l-J 

TeipSiylic acid , Terebic acid 

iX’Pinonxc acUt CHa.CO.CiyHia^COOH, "which melts at 104®, and boils 
unchanged at 117®, is a ketonic monobasic acid, and is oxidised by sodium 
hypobromite in the manner characteristic of methyl ketones, (§ 90), to 
bromoform and pinic acid ; a similar oxidation is effected by dilute nitric 
acid, when terpenylic acid is also formed. When boiled with alkaline 
permanganate, a*pinonic acid is converted into isocamphoronic acid {§ 345). 
pinic acid, C^HjaiCOOHlg, which melts at 102“, is a saturated dibasic 
acid ,* it is a very stable compound, and resists further oxidation. 

Pinol ^draie or sobrerol, CioHi8(OH)2, which is a hydroxy-terpineol 
(§ 347). inelts at 131° ; when heated with dilute sulphuric acid, it is 
dehydrated to the corresponding internal ether, pinol, Ci^HigO, which is 
a liquid boiling at 184“. Pinol glycol, CioHiflO(OH)2, which is formed 
from pinol by the action of cold, dilute alkaline permanganate (§§104, 290), 
melts at 129'^, and is oxidised to terpenylic acid by the same agent at a 
higher temperature. 


As pinic and pinonic acids are saturated compounds, and 
derived from a hydrocarbon, they are necessarily 

cycloid in constitution; and the conversion of the ketonic 
acid into dimethyltricarballylic acid indicates that the nucleus 
of this cycloparaffin is dimethylcyclobutane, C^IIgMe2. 


j — -CH3.;C0.CH<, 
,CMe. 


COOH.CHCf:®2)cH.CH2.COOH 

L/n2 


t.H.2 

Pinonic acid 1 

COOH.CMe. 


^2 
Pinic acid 


COOH ;>ch.ch,.cooh 

ta* Dimethyltricarballylic acid 


The pirtene molecule therefore contains a dimethylcyclo- 
butane nucleus, as well as the reduced benzene ring indicated 
by its close, relation to cymene and carvacrol (Wagner, 1^94). 
In the oxidation to pinonic acid this nucleus, which is known 
as the picean ring( Pinus picea)\ remains intact, whilst the 
tetrahydrobenzene ring is broken at the olefine linkage ; but 
in the oxidation to terpenylic acid the picean ring is severed 
before the benzene ring is attacked. 


CMe-CH— CH, 
Pinnae 


CH CH /CMe,\_CH 
- I “ACH^ ( 
CMeOH.CHOH.CH3 
Pineue glycol 


/ eMe2\ 

► I ~\CH, /"■( 

COMe COOH.CHa 
Finoaic acid 

CMe<g|pH ^g>)CH.CMe,.OH ^ “2g:?g“>CH.-CMe. 


PioeiM 


Pinol hydratn 


■ Terpenylic adkt 
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Pinene is thus a bridged-ring terpene, in which the CMej-bridge of the 
camphane terpenes {§ 344) is linked to a meta-CH,*group of Uie r^uced 
benzene ring, instead of to a para-CMe-group. Its convertibility into 
botoyl chloride and cymene, as well as into ?-limoaene, is accounted for 
by the intermediate formation of monocyclic terpinepl derivatives (§ 349) 
by the breaking of the bridge ; once broken, this apparently can only be 
reconnected in the para^positioa, and hence the transformations of pinene 
are irreversible. 

The relation of pinene to limonene is somewhat analogous to that of 
campbene to bornylene, the conversion into limonene dihydrochloride 
being effected by the breaking of the picean ring. 




- CMeCK^a'^gs^CH.CMeaCl -< 

Limonene di hydrochloride 
(Terpinylene dichloride) 


CMe 


CHa. 
Litaonenl^ 


CHa.CH . CH3 



CH.CMeiCH 

Pinene 


CHa.CH.CHa 
I ClCMej' 
CH,.CMe;CH 

Terpiiiyl cliloridc 


CHa.CH . CHa 

-> I CMe.,! 

CH^CMe.CHCI 

Boriiyl chloride 


351 . The Polyterpenes and Hemiterpenes : Besins. — Caoutchouc, 
(CgHg), the solidified milky sap of the indiarubber plant, is 
polymeric with and closely related to the terpenes; it cannot 
be crystallised, but is precipitated by alcohol in white curds 
from its chloroform solution. Its molecular weight is un- 
known, but from its colloid nature is undoubtedly very high. 


Caoutchouc combines readily with sulphur, forming vulcanised india- 
rubber, vulcanite, etc. ; these are elastic substances of all degrees of hard- 
ness. which retain their elasticity over very wide ranges of temperature- 

When indiarubber is distilled, it is converted into a hemi- 
terpene. Isoprene, CH3:CMe,CH:CH2, which is identical 
with the syntlietic open-chain diolefine, methyl-butadiene 
(Ipatieff, 1897), is a mobile liquid boiling at 35°; it is unstable, 
and when kept gradually polymerises to dipentene and 
caoutchouc, 

'In addition to this bemlterpene and complex poly terpene, sesquiterpenes, 
are known, such as occur naturally in hop oil, etc., as well as 
‘ ditffpenes^ QwHgg. 

Tine residue, which remains in the still after the distillation 
of turpentine with steam, solidifies to the well-known glassy 
resin, colophony; this consists mainly of a complex acid 
derived from phenanthrene (§ 378), 

Common resin dissolves almost entirely in caustic alkalies, and ofl 
ueutraiisiog the solution with hydrochloric acid is repredpitated in 
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whi^ cutds, frc^ which this acid, abietic acid, is extracted by boiling 
alcdhol. The saihe acid is obtained by distilling colophony under dirain* 
isb^ pre^ure, or with superheated steam. 

, Abktic or dehahydroretenecarboxylic acid, C^^Hjy.COOIf, is 
a crystalline substance which melts at 146°, It yields re- 
sorbinol, protocatechuic acid, etc., when fused with potash, 
and it is closely related to the terpenes, as it yields isophthalic 
and terebic acids on oxidation. 

When the acid is heated, it is decomposed in the normal 
manner into carbon dioxide and abietene or methyl-isopropyU 
dekahydrophenanthrene, CHg.Cj^H^g .CHMcj (§ 378). 

As aiv acid, melted resin dissolves metallic oxides, and hence is used 
in soldering. The solution of resin in caustic soda is used in paper making 
for rendering the fibres ink-proof ; the alkaline solution having been 
mixed with the pulp, and thus diffused into the substance of the fibre, 
the insoluble resin acid is precipitated within it by addition of alum. 

The ordinary varnishes are simply solutions of various resins— colophony, 
copal, mastic, etc.— in turpentine or other solvents, and the natural 
balsams, such as Canada balsam, are similar more or less viscid solutions. 
Amber is a fossil resin, which yields resin acids and volatile terpenes when 
distilled, as well as succinic acid. The lacs are similar substances. 

352 . Synopsis. — The menthane terpenes are derived from 
a saturated monocyclic hydrocarbon, menthane or ^-methyl- 
isopropylcyclohexane, and are characterised by combining 
with four univalent atoms; like the camphane terpenes, 
they are closely related to cymene, but they are also inter- 
convertible with open- chain, aliphatic compounds. 

The pinenes are monolefinic bridged-ring terpenes, which 
are convertible into terpenes of the menthane and cam- 
phane groups, but cannot be recovered from them. 

The open-chain terpenes are triolefines, and are charac- 
teris'^ by combining with six univalent atoms. 




crysta-llis 



SECTION XVI 


MULTIPLE-RING COMPOUNDS 

CHAPTER LXm 

DIPHENYL, DIPHENYLMETHANE, AND DIPHENYLETHANB 

353 . Diphenyl: Benzidine. — Benzeuoid radicals not only 
combine with alkyl radicals, but with one another, and when 
bromobenzene is boiled with sodium in toluene it is thus 
converted into diphenyl or phenylbenzene (compare § 279); 
this hydrocarbon is formed in a similar manner by heating 
benzene vapour to redness, and is conveniently prepared in 
this way (Berthelot, 1866). 

^CgHgBr + Kaj CgH5.C6Hs zCgHg — H 2 . 

Benzene is dropped slowly into a long, inclined iron tube, which is filled 
with pumice and maiatained at a dull red heat ; the product is collected 
in a heated receiver to eliminate unchanged benzene, and then fractionated 
and recrystallised from alcohol. Diphenyl is similarly formed from mer- 
cury diphenyl (§ 256}; it may also be made by e limin ating the amino- 
groups (5 260) from its diamino-derivative, benzidine ; and by the action 
of reduced copper on benzenediezonium sulphate in. acetic anhydride. 

Diphenyl or phenylbenzene, CgHj.CgHg (Fittig, 1862), is a 
colourless, crystalline substance, which melts at 71®, and 
boils at 254°. The constitution indicated by its mode of 
formation is confirmed by its oxidation to benzoic acid, 
when boiled with chromic anhydride in glacial acetic acid. 

Ditolyl and other analogous compounds are known. 

As the diphenyl molecule contains two benzene rings, the feomerism of 
its substitution j^oducts is complicated ; each substituted ^oup may be 
in the ortho-, meta, or para-position relatively to the second phenyl radical.- 

VV^DiniirodiphenyU NOa.C0H4.6gH4.NO2 \p, p), a crystalline substance 
melting at 233®, which is formed, together with the o/>-derivative, by 
direcV nitration, Is of interest from its connection with benzidine, the 
base of the oottmi azo>dyes (§ 384). 
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Benzidine or -p^-diaminodiphenylf NH2.CgH4 *05114. NHa 
(Zinin, 1845), a crystalline basic substance which melts at 123®, 
is manufactured from azobenzene derivatives (§ 380). 

Its constitution is proved by its formation by reduction of the nitro- 
compound, and by its conversion into diphenyl when the amino-groups 
are eliminated by the diazonium method ; the orientation of the amino- 
groups is established by the conversion of the dinitro-compound through 
the nitro-amino and nitro-bromo-compounds into ^-nitro- and p-bromo- 
benzoic adds. 

NHa<rp><f >NHa - 4 - "><: >NOa NQ.C >< 

< > <> ->NOa < >COOH+CQOH >Br-e- NO„ <^ > <r~^Br 

354 . Diphenylmethane. — When benzyl chloride interacts with 
benzene under the influence of aluminium chloride or alu- 
minium amalgam, a radical is introduced into the benzene 
ring in the normal manner, and benzyl-benzene is formed. 

The same hydrocarbon is produced by heating benzophehone in a sealed 
tube with hydriodic acid and red phosphorus, and can be extracted from 
the cold product with ether. It is also formed by heating benzene with 
methylal {i.$. formaldehyde) and concentrated sulphuric acid ; and by 
distilling diphenylacetic acid (§356) with soda-lime. 

CeH^.CHyCl + CJIa ^ C„H5.CH2.C5H5 c33.CO.CsH5. 

Diphenylmethane or henzylbenzeney CsHfi.CH^.CflHs (Jena, 
1870), is a crystalline substance which melts at 27°, and boils 
at 261®; it resembles oranges in odour. Like diphenyl, it 
forms nitro- and other substitution-products ; but ‘on oxida- 
tion with chromic acid mixture it is reconverted into its 
ketone, in which respect also it differs from aliphatic hydro- 
carbons. 

The corresponding secondary alcohol, which is formed by reducing 
benzophenone with sodium amalgam, is also obtained by heating diphenyl- 
methyl bromide, C5H5.CHBr.C5Hg, in a sealed tube with water. 

When diphenylmethane vapour is passed through a red-hot tube, it 
is converted into fiuorene or diphenylmeikylene, C5H4.CH2.C5H4, a ciystal- 

I I 

line, fluorescent substance melting at 113® ; the action is analogous to the 
conversion of benzene into diphenyl. 

355 . Dlbenzyl : Benzoin. — When a benzene solution of 
benzyl chloride is boiled with sodium,, the benzyl radicals 
umte,4orming dibenzyl (compare § 353), 

CgHg.CHaBr + Na, + CHaBr.CgHg C5H5.CH2.CH2:C5H5 

Dibenzyl or s-diphenylethane, CgH5.CH2.CH2.CgH5 (Canniz- 
zaro, 1862), which is a crystalline substance melting at 
is the mother substance of a group of paraffinoid alcohols and 
Intones, the most prominent of which are benzoin and benzil. 
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Tte aloohol-ketone, benzoin, which is polymeric with benzaldehyde, is 
fonned by heating a dilute alcoholic solution of the latter with potassium 
cyanide at ioo°, the intermediate cyanhydrincondensingwith^unchanged 
aldehyde. Other aromatic aldehydes polymerise in a similar manner. 
CcH^.CHO + CHO.CaH., - CgH5.CHOH.CO.CeH5. 

BenzQln, CeHs.CHOH.CO.QH^ (Liebig and Wohler, 1830), 
is a crystalline substance melting at 137'’; it is reduced to 
dibenzyl by hydriodic acid at 250®, and oxidised by concen- 
trated nitric acid to the corresponding diketone, benzil. As 
a ketone, it forms condensation products with hydroxylamine 
and phenylhydrazine. 

CgHg.CHa.CHa.QHfi ^ CeHg.CHOH.CO.C^Hs > CoH^.CO.CO.CgHj 
Dibenzyl Benzoin Benzil 

When benzoin is reduced with sodium "amalgam in cold 
alcoholic solution, it is converted into the corresponding 
glycol, hydrobenzoin, which is also formed, by a pinaco.ne 
condensation (§ 92) during the reduction of benzalde- 
hyde to benzyl alcohol. 

CgHg.CHO + CHO-CgHg -> CgH5.CHOH.CHOH.CgH3 

Hydrobenzoin 

Hydrobenzoin or s-diphenylglycolt CgHg.CHOH.CHOH.CgHg, 
is a crystalline substance which melts at 139°, and boils at a 
high temperature ; it is reoxidised to benzoin (and benzil) by 
nitric acid, but is reconverted into benzaldehyde by chromic 
acid mixture; when boiled with dilute sulphuric acid it is 
converted into diphenylacetaldehyde (§356}. 

CfiH5.CHOH.CO.CsH5 CfiH5.CHOH.CHOH.CsHg 
As the hydrobcnzoln molecule contains two asymmetrical carbon 
atoms, it assumes four stereoisomeric forms. Ordinary hydrobenzoin is 
optically inactive and irresolvable, and therefore an internally compen* 
sated or meso-compound (§ 163). 

n, however, benzaldehyde is reduced while boiled with water, mainly 
the racemic modification is formed ; this is more conveniently obtained 
from its acetate^ which is prepared by boiling stilbene dibromide (§ 357 ) 
with potassium acetate and glacial acetic acid. 

Isohydrobemoin, CfiHg.CHOH.CHOH-CfiHg, which is a crystalline sub- 
stance melting at 131°, is optically inactive, but maybe resolvMinto 
dextfO' and lavo-modipcations by the ordinary methods ; in its general 
actions it is practically identical with the meso-compound. 

366. Benzil: Stereoisomerism of Oximes. — The diketone, 
which is obtained when benzoin is heated gently with con- 
centrated nitric acid, separates as a yellow oil, which solidifies 
when poured into water. 

'henzU or diphenylglyoxal, CflH5.CO.CO.CeHg (Laurent, 1834)* 
is a'jjale yellow, crystalline substance, meltirg at 95°; it is 
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soluble in cold alcoholic potash to a violet solution,^ from 
which it is precipitated unchanged by acids; if, howeV^, the 
solution is boiled, the colour disappears and benzilic acid is 
formed (compare Pinacolin, § 92). 

COPhCOPh +H 2 O = CPh2(OH).COOH 

BeDzii Betifilic acid 

Benzilic or diphenylglycoUic acid, CeH5.C(OH)(COOH).CflHg (Liebig 
1837), which is bffit obtained by heating benzoin with aqueous soda, in a 
stream of air, is a crystalline substance melting at 148° ; when heated 
with hydriodic acid it is reduced to dipkenylacetic acid, CHPh^.COOH 
which yields dipbenylmethaue {§ 354) when distilled with lime. 

C,Hb.C(OH)(COOH).C«H, C 6H,.CH(C00H).C3H5 C^HsXHaXoH,, 

Benzilic acid Dip lieny lace tic acid ' Diphenyltnethane 

Analogous compounds are obtained similarly from substituted benz* 
aldehydes. Anisaldehyde (§ 309) gives ^-anisoin, anisil, and anisilic 
acid ; and cuminal (§ 340) gives ^-cumimin, cuminil and cuminiUc acid. 

There are two monoximes and three dioximes of benzil, the 
isomerism of which is probably analogous to that of maleic 
and fumaric acids (Hantzsch, 1892). 

R.C.H R.C.H 

N.OH OH.N 

SynaldOSime. Antialdoxime. 

A study of the configuration of the cyanogen radical leads to the con- 
clusion that the valencies of a tervalent nitrogen atom are not in one 
plane, or they could not correspond with the three valencies of the triply- 
linked cyanogen carbon ; if, therefore, the doubly -linked nitrogen atom 
of an oxime be pictured at the apex of a tetrahedron, so that its valencies 
proceed towards the angles, the third valency may lie in either of two 
directions, carresponding with the cis- and trans*positions of maleoid and 
fumaroid compounds (§ 155). 

If the oximino-group is capable of interaction with one of the groups 
attached to thd doubly-linked carbon-atom, it can only so interact when 
it fa In the near or syn-position ; in the a«fj-ppsition it is too remote. 
Hence synaldoximes are dehydrated to nitriles by acetyl chloride, whilst 
aatialdoximes form acetates {§ zydf ; similarly synphenyl iolyl ketoxime is 
converted into anilide by the Beckmann transformation (| 273), 

whereas the stereoisomcric antuoxime yields benzorihotolaidide, 

atBenzBoxim, which is formed at low temperatures, and melts at 138®* 
is converted by prolonged heating, especially in presence of alcohol, into 
H^hmxUoxitne, which melts at 114® ; both forms are h5'drdysed normally 
rhy hydfWihloric acid 
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Benxil-CL’dioxim, which is the most stable of the three dioximes, is 
formed in the ordinary maimer ; it melts at 237®. Benzil’r^>dioxim,'^’Udh 
is made by the action of hydroxylamine on the jQ-moaoxime, melts at 166“, 
but is then transformed into the |^-dioxime. BenziU ^.dto:ttmtf,^which 
melts at Z07®, is converted in alcoholic solution at iSo® into the a*dioxime 


CsHs-C.CO.CeHj CeHjX.CO.CsH, 

•N.OH OH.N. 

Sjm.(a)-oxime Anti 

BenzUmoDOximes 


C,H5.C=CX,H, 

ii.OH . N.OH 


C , Hs.C ^ CX , H , C , H , X . - — ^ XoH , 

OH.N N.OH 'N.OH OH.N 

An!'{j 3 )-t 5 io)time Syii(y).(ii oxime 

Benzildioximes 


357 . Stilbene and Tolane.— The ethylene derivative corre- 
sponding with dibenzyl is obtained by distilling benzyl sul- 
phide and other benzyl compounds. 

It may also be prepared by dechlorinating benzal chloride with sodium, 
and by a cinnamic condensation from benzaldehyde and phenylacetic 
acid, carbon dioxide being eliminated. 

CeHsCHClj + sNa, + CHCIa-CeHs » CeHs.CHXH.CoHs + 4NaCl. 

% 

Stilbene or s-diphenylethylenBi C6H5.CH:CH.QH6 (Laurent, 
1844), forms large, colourless, brilliant crystals {(rTtX^€iv), 
melting at 124°; as an olefinic compound it forms an additive 
dihromidef 3, crysi^me substance melting at 237°. 

It is reduced by hydriodic acid to the corresponding ethane derivative, 
dibenzyl, and is oxidised to benzoic add by chromic acid mixture, and to 
phen^threne (| 378) when passed through a red-hot tube. 

CsHs.CH3.CHa.CsHs <- CfiHj.CHXH.C.Hs ^ CeHs.CHBr.CHBr.CeHs. 

Stilbene dibromide is converted into hydrobenzoui acetate 
when heated with metallic acetates, and it also loses all its 
bromine when heated with alcoholic potash, being converted 
into the corresponding acetylene derivative, tolane. 

CeHg.CHBr.CHBr.CeHfi CgHg.C j CXeHg. 

Tolane or diphenylacetyUntt CgHg.C • C.CgHg (Limpricht, 1868}, is a 
crystalline substance melting at fio® ; as an acetylene derivative, it forms 
an additive dibromide and tetrabromide. 

358 . Synopsis. — ^The phenyl and benzyl radicals combine 
with each other in the same way as alkyl radicals, forming 
hydrocarbons containing two benzene rings. Dibenzyl or 
diphealyiethane is connected with a set of alcohols, ketones and 
unsatiirated hydrocarbons, in the same way as an aliphatic 
hydrocarbon^^^ 
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CHAPTER LXIV 


THR TRIPHENYLMETHANE GROUP : THE ROSANILINES 

359. The RosaniHnes.— The well-known dye magenta is a 
derivative of a complex hydrocarbon, triphenylmethane. 
With the exception of a few compounds such as picric acid 
and murexide, the dye-stuffs used prior to the middle of the 
nineteenth century — indigo, madder, cochineal, etc. — were of 
natural origin ; they are now to a large extent supplanted by 
the artificial “aniline” dyes. 

Mauve, the first such-dye made (Perkin, 1856), is a complex 
substance, which is formed by oxidising crude aniline sulphate 
with potassium dichromate, and magenta is synthesised 
similarly by heating crude aniline with arsenic acid (Medlock, 
i860) or mercuric chloride (technically, with nitrobenzene 
in presence of ferric chloride). 

Pure aniline does not yield the dye, nor do the ortho- and para-loluidine 
with which it is associated in the commercial base, hut a mixture of the 
three amines in molecular proportions gives even better results than the 
crude material, fn the same way, a mixture of aniline and ^-toluidine 
yields pararosaniliue chloride, a base homologous with magenta. The 
corresponding acetates, sulphates, etc., are also used as dyes. 

In the manufacture of magenta, the hydrochloric acid solution of the 
mixed amines is heated at 190° with the requisite amount of nitrobenzene, 
and small quantities of iron filings are added periodically. After several 
hours* heating, the unchanged aniline, etc-, is distilled off with steam, and 
the rosaniljne hydrochloride is extracted with boiling water, and precipi- 
tated from the solution with salt. The ferrous chloride, which is formed 
initially, acts as a carrier, being alternately oxidised by the nitrobenzene, 
and reduced by the mixed amines (compare § 371 )* 

Rosaniline chloride f magenta, W: fuchsine, (Ver- 

quin, i860), is an almost black crystalline substance, having a 
green pseudo-metallic lustre; it is freely soluble in water and 
alcohol to an intensely crimson solution, which dyes silk and 
wool a fast purple-red. Payavosamlin$ chloride, C,,H„N,C1 
1876^ aniline an<l p-tojnidine difiets from 
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magenta only in that its colour is of a less bluish skade; 
both compounds are feebly basic, and although thenis^ves 
ammonium salts (§ 361) combine unstably with acids. 

800 . Dyra and. HohlsiitSi^ — Both rosanikne and pararosani- 
line salts dye silk and wool a purple-red, and the colour 
is fast, that is to say, is not washed ojit by soap and water. 
But on treating cotton fabrics in this manner, the dye, 
althotQg^h of much the same hue and depth, is no longer 
fixed, and can be washed out of the material. Similarly, 
picric acid dyes silk, wool, and cotton a bright yellow, but 
only the silk and wool coloum are fast. 

As we have noted in the case of indigo (§ 3 37), the perman- 
ence of a dye is due to one or other of two factors ; either it 
is itself precipitated in the body of the fibre, or it combines 
with some constituent of the latter, forming an insoluble 
or indifEusible compound. In both silk and wool there are 
constituents of the nature of amino-acids '(§ 224), with which 
' acid dyes like picric acid, and basic dyes like the rosanUines 
probably form such compounds ; and these fibres are therefore 

coloured , permanently by dyes of this class. 

The cellulose of cotton, however, is practically a neutral 
substance, and only in rare cases (§ 384) combines with 
colouring matters. In order to dye cotton, therefore, a 
mordant must be introduced into the fibre, that is to say, 
a substance which fo^ an insoluble compound with the dye. 

With picric acid, for example, the calico, etc., is soaked in a solution of 
alum, and then in dilute ammonia, by which the alum, diffused through 
the.sulKtance of the flbje, is converted into insoluble alumina. On how 
imm^mg the fabric in the dye-bath, the acid combines with this base, 
forming a yellow insoluble compound, which cannot be washed away. 

The odour produced in this manner is of course that of the mordanted 
compound, and is often different from that of the dye itself (§ 376). To 
dye cotton with basic dyes such as the rosanilines, an acid mordant is 
requisite, and for this purpose tannin or a metallic tannate is usuaUy 
emp^jfcd ; with some dyes silk and wool have themselves to be mordanted. 

' 801 , Constitution of tho Rosanilinos: IVlphenylm^hane.— The 

mtfiecule of rosaniline chloride contains three nitrogen atoms, 
all of which are aminoid, and potentially basic ; as already in- 
dicated, the dye itself, although an *’ sMfenium salt, is still 
feebly basic, and combines additive^^tnd unstably with 
tiona^trated .hydrochloric acid; and the corfesfxmding hy- 
decide, whiclt'^s set free from it by caustic alkalies (compare 
^^ ^hasanafked, although transient, basic pfop^^, 
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This dUiydrochlbride, and the free hydroxide or colour 
base, are both colourless, but easily revert to the dye. 

C2oH2{)N3.C1,2HC1 - 4 —^ C20H20N3.CI ^ C 2 uH 2 oN 3 ,OH 

RosaniHoe trichloride Rosanilme chloride Rosaniline (hydroxide) 

(additive salt; colourless) (dye) (colour base; colourless) 

Rosaniline trichloride, C2oH2oN3CI,2HCl, is a colourless, unstable sab- 
stance, wbich is reconverted into the coloured monochloride by excess 
of water. Rosaniline, C2oH2£N30, the colour base, is a colourless, crystal- 
line substance, which is unstable even in air, and is reconverted into the 
colmired ammonium salt by dilute acids. 

When rosaniline chloride is reduced with zinc dust and 
hydrochloric acid, it undergoes a more permanent bleaching, 
analogous to the conversion of indigo into indigo-white 
(§ 337)' The disappearance of the colour is here due to the 
formation ofaleuco-base, /ewcawi/me, which can be set free 
with caustic soda, and extracted with ether. 

Leticaniline, (Hofmann, 1862), is a colourless, 

crystalline substance, melting at 100°. Unlike free rosaniline, 
it is stable in air, but it is reconverted into the dye by mild 
oxidising agents; it is markedly basic, although less so than 
the colour base, and its actions show that it is the triamino- 
derivative of a complex hydrocarbon, (below). 

CzoH2oN 3.C1 ^ ^ ^SoHig. 

RoeaoUine chloride Leucaniline Parent hydrocarbon 

(dye) (leuco-base) (diphenyltolylmethane) 

As a primary triamine, leucaniline forms a stable, crystalline' irihydfO* 
chloride, and is converted by nitrous acid into a trihydroxy-compoundt 
C2oHi6(0'H)3 (compare Aurin, § 362). When it is warmed with sodium 
nitrite in acid alcoholic solution, the three amino-groups are eliminated 
{§ 260), and the triamine is converted info the parent hydrocarbon 
(E, and 0 . Fischer, 1878). 

Pararosaniline chloride, the next homologue of rosaniline 
chloride, behaves throughout in a similar manner, yielding a 
colour-base, leuco-l>ase and hydrocarbon, homologous with 
* those obtained from rosaniline. This hydrocarbon is tri- 
phenylmethane ; it may also be made synthetically, and can 
readily be reconverted into the dye (§ 362). Triphenyl- 
methane is therefor^ 1^6 mother-substance of the rosaniline 
group of dyes. "" 

^ CH(C3H3)3 ^ CHCI3 + sCjHe. 

^‘“^‘rosanilmechi^ Parakacuiiline Triphenylmethane TricblOTouttt^aiw 
(dy») . ' ♦ (leuco-b^) (parent bydrocarbem) ^ andbenzaie 

The <Q||( the hyili^oearboai which aJso the best method 

.‘II 
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of prcpsffkig it, is effected from chloroform and benzene by the alumiffiiiia 
chloride method (§ 279). ^ ■ 

CHCI3 + + AlClg CH(CgH3)g + 3HCI + AICI3. ■ 

The anhydrous, freshly prepared chloride is added to the dry mixture 
of benzene and chloroform, and after the action has ceased the product 
is poured into water, and the heavy insoluble layer is fractionated ; the 
fractions distilling below 300" contain dlphenylmethane, etc., but the 
higher fractions soUdify on cooling, and after crystallisation from benzene, 
and drying at 100“ to drive off benzene of crystallisation, are recrystallised 
from alcohol. 

Triphenylmethane^ CH(C(;H5)3 (Kekule, 1872), is a colourless 
crystalline substance, which melts at 92°, boils at 359® and: has 
an odour of citron; its constitution is obvious from its mode 
of formation. 

When oxidised with chromic anhydride in acetic acid 
solution, triphenylmethane is converted into the correspond- 
ing tertiary alcohol, tnphenylcarhinol, CPhs.OH, a crystalline 
substance melting at 159°; and as this glcohol is also formed 
by eliminating the amino-groups from pararosaniline by the 
" diazonium method, it follows that the colour-base is its 
triamino-derivative. 

CH{QH5)3 > qOHHQEsh ^ C(0H)(C6H4.NH2)3. 

Tripheaylmetfaane Tripheaylcarbiaol * Triaminotriphenylcarbinol 

RosanUine is proved similarly to be the corresponding 
derivative of diphenyliolyl-methane (E, and 0. Fischer, 1878). 

362. Synthesis of Pararosaniline from Triphenylmethane: 
Quinonold Strueture. — ^The above results are confirmed by the 
preparation of pararosaniline from synthetic triphenylme- 
thane, through its trinitro-compound (Fischer, 1879).. 

CH(C6H5)3 -> CH(QH4.N02)3 CH(C6H4.NH2)3 

Tripheny]- Trinitro- Triamino- 

methane triphenylmetbans trii^en^lmethaua 

; NH2CI:CeH,:C(C6H4.NH2)2«-C(OH)(CeH4.NH2)3 

Pararosaniline chloride Triamino-tripbenylcarhinol , 

Hence the lenco-base, paralcucaniline, is p4riaminotriphe- 
nylj^tiane, and the related colour base, pararosaniline, is 
^-tHafninoinphenylcarbinol (or the isomeric ammonium 
hydroxide, below); leucaniline and rosaniline being the 
^^rresponding derivatives of diphenyltolylmethane. 

■ yC8H4.NHj, /QH4,NH2 

C(0H)^5H4.NH3 
%:8H4.NHa XCgHi.NHa 

I^aleucaQiline Ck4our base (oaii>iiU)l fonitmil 
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When tziphenylmetbane is dissolved in fuming nitric acid, and tbe 
product is poured into water, a crystalline iriniffo~denvaHve^Ci2ll^ziN02)zt 
is obtained, which on reduction with zinc dust in glacial acetic acid 
solution, is converted into the corresponding triamino^compomd, 
(^Hi 3(NH2)3» this can be precipitated from the diluted product with 
ammonia. 

On heating the dry triamino-triphenylmethane on platinum foil with 
5om3 concentrated sulphuric acid, it is oxidised to the corresponding 
carbinol, and this, when acidified with dilute hydrochloric acid, yields a 
dye which is identical with pararosaniline chloride ; the same dye may 
also be obtained directly by adding chloranil (§304) to the hot alcoholic 
solution of the triamine. 

The constittltion of the dyes themselves at one time gave 
rise to inuch controversy, but it is now generally agreed that 
they arc quinonoid compounds. All the para-quinones, 
including those of naphthalene (§ 373) and anthracene (§ 375), 
are highly coloured substances, and it has been found pos- 
sible to arrange the formulas of practically all coloured 
organic compounds on the quinonoid mddel (Armstrong, 
1888; compare also § 381). 

0 C{C6H4.NH2)a 

li il 

0 0 

II II 

O NHjCl 

Quinone Quiuonoid structure 

According to the quinonoid formula, the rosanilioe dyes are quaternary 
ammonijim salts, from which it follows that the alkaline compounds, 
which are liberated from them transiently by a single equivalent of 
alkali, are quaternary ammonium hydroxides. This conclusion is not 
really irxonsistent with the synthetic^ data, which show the colour.base 
itself to be a carbinol,^ for in the absence of acid ions the nitrogen of the 
ammonium base becomes tervalent ; the highly ionised, alkaline solution 
thus becomes non-ionised, and the unstable, soluble ammonium base 
is transformed into the neutral, insoluble carbinol. 

- The carbinol is thus a pseudo<base, comparable with the pseudo* 
aci^ {§ 259) ; although neutral and non-basic, it combines with a single 
equivalent of acid, re-forrhtng a quinonoid ammonium salt, in which 
the nitrogen is once more quinquevalent {Hautzsch, 1900). 

CR,:C,H4:NH,C1 ^ [CR2(OH).GgH*J«iH3nj 

Ammonium salt (dye) . < Intermediate compound 

.» [CR,(0H).C«H,.NH3.0H] -> CR,(qH).lH^.irae 

AfflmoDinm hymmdde Interm^ate hydrate Aimno-carhmoi 

true colour-base; dectiolyte, cidoured) (^-base; non-ioaised, colourlesf, 

Pararos^dilme i3 hydrolysed to aniline and ^-diaminobenzo* 
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phfiftone (§1 272, 367) by prc^pnged heating with hydro- 
chloric acid, but it is reconvert^ into aniline and />-toluidine 
by hydriodic acid at 200®. 




NHj.C5H1.cH3 +; 
^Toluidine 


CgHe.NHa 

Aniline 


1 


i/CjHj.NHj 


NHj.C5H3+CO<^«ij^-^jj- 
Aniline ^DiatniDobeozophenone 


Its leuco-base is probably formed synthetically, in the 
same way as that of malachite green (§ 366), namdy by 
condensation of the aniline with /?-aminobenzaldehyde, which 
may well occur transiently during the oxidation of the 
toluidine. 


NH2.C5H4.CHO 4-2CgH5.NH3-NH2.C6H4.CH(C6H4.NH2)2 + HgO. 

j>>Aniinobeiizaldehyde Aniline Faraleucaniline 

The phenolic or hydroxy-compounds, aurin and rosolic acid, 
which correspond with the rosanilines, and are formed from 
them by the diazonium interaction, are made by heating 
phenol or a mixture of phenols with oxalic or arsenic acid 
and concentrated sulphuric acid. 

0:C5H4:C(C6H4.0H)2 (Kolbe, 1861), is a dark red crystalline 
substance, which like the rosanilines has a metallic lustre ; it dissolvts 
fretiy in alcohol and alkalies — in the latter to dark red solutions, but is of 
no use as a dye, as it cannot be satisfactorily fixed, Aurin is reconverted 
into parar«saniline by amm onia, and rosolic add is similarly converted 
into rosanilme itself. 

363 . Synopsis, — Rosaniline and pararosaniliue are qujnonoid 
amdionium salts, derived from tripheuylmethaue and its next 
homologue ; leucaniline and paraJeucaniline, their colourless 
reduction products, being the correspon^ng triamino-deriva- 
tives ; the free ammonium hydroxides are unstable and 
fapidly change to colourless derivatives of triphenylcarbinol. 
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CHAPTER LXV 

THE TRIPHENYLMETHANE GROUP : ROSANILINE DERIVATIVES 
AND PHTHALEINS 

364 . The Alkyl Bosanllines, — When alkyl and phenyl radicals 
are introduced into the amino -groups of rosanilihe, the colour 
gradually changes through violet to blue, and by further 
addition of methyl chloride or iodide to these derived dyes, 
green double ammonium salts are produced. 

A mixture of such violet methyl-pararosanilines is obtained 
by heating pararosaniline chloride with methyl chloride ; 
these are usually made, however, from the methyl-anilines, the 
hexamethyl-compound, which is an intensely violet, basic dye, 
beings prepared from dimethylaniline. 

.6n l$a^g carbonyl chloride into a mixture of this base with aluminium 
chloride, a crystalline substance, teiramethyl-^-diaminobenzophenone, is 
formed, by an action analogous to that involved in the preparation of 
benzophenone itself from benzoyl chloride and benzene (Michler, 1876) : 
and on heating this ketonic substance for some hours at 100 ” with phos- 
phorus oxychloride and a further quantity of the dimethylaniline, it 
condenses to the colour-base of hexamethyl-pararosaniUne. The product 
is repeatedly extracted with boiling dilute hydrochloric acid, and the 
chloride thus formed is precipitated from the solution with salt, and re- 
crystallised from water. 

COClg + 2C6H6.NMea->CO(C6H4.NMe2)2^NMe2CI:CflH4;C(C«H4.NMea)2. 
Carbonyl Diuieibyl- " Micliler's ketone” Crystal violet 

chloride aniline 

Hexamethyl - pararosaniline chloride or crystal violet, 
NMe2Cl:C6H4:C(C0H4.NMe2)3 (Hofmann, 18/3), is a greenish- 
bhck crystalline substance, which, like most of the aniUne 
dyes, has a marked metallic lustre; it dissolves in water and 
.alcohol to a deep violet solution, and dyes silk, wool, and 
cotton (mordanted with tannin) the same colour. 

When heated with methyl iodide, crystal violet is converted 
into ihe coifesjwnding methiodide, iodim NMeaQ 

C{CeH4.NMe3)2,CH3l. 

j*. 488 
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The pure hexamethyl dye is not much used in practice, as methyl violet^ 
a similar and much less expensive mixture of hexa- and lower methyl, 
pararosanilmes, can be obtained by directly oxidising dimethylaniline. 
This base is simply wanned with potassium chlorate and copper sulphate 
for some hours ; the dissolved copper is then removed with sulphuretted 
hydrogen, and the dye is extracted from the product with hot water, 
an(f precipitated with salt. 

The corresponding methochloride, mdhyl green, is made by passing 
methyl chloride vapour into a warm alcoholic ^ solution of methyl violet. 
Methyl nitrate and methyl sulphate have also been used for this purpose, 
but are objectionable on account of the explosive character of the first, 
and the poisonous nature of the second. 

365. The Phenyl Rosanllin^. — Whilst the introduction of 
alkyl groups into the xosanilines gives all shades of violet, 
pure blues are obtained by introducing phenyl groups, 
CaH^.NHa CeH^.NHPh 

CiCgHsMeiNHaCl -> C:C6HaMe;NHPliCl 

‘ ■ C6H4.NH2 C 6 H 4 ;NHPh 

RosauUine chloride AuiUue blue 

Triphenyl-rosandine or andine blue is thus obtained by heating ros-. 
aniline acetate with aniline for several hours at i8o° ; the product is 
extracted with dilute hydrochloric acid, and the chloride precipitated 
with the concentrated acid. 

Aniline blue^ or tnphenylrosaniline chloride, NliPhChCgHg 
Me:C(CflH4.NHPh)2 (Girard, 1862), is an almost black .sub- 
stance, which is freely soluble in alcohol to a dark blue solution, 
and dyes silk and wool a pure blue. The dye itself is insoluble 
iu water* but is readily converted into a soluble sulphonic.acid 
(compare § 337). Aniline blue yields diphenylamine when 
distilled, and the corresponding pararosaniline derivative can 
be made by heating diphenylamine (§250) with oxalic acid, 
the latter suppljdng the nucleal carbon. 

The sodium sulphonate, waier blue, is only faintly coloured, whilst the 
acid itself is as intensely blue as the original dye ; the fabric {mordanted 
with tannin in the case of cotton) is therefore passed through a bath 3 ^ 
dilute acid after dyeing. 

In this connection the important basic dye* methylene blue, 
may be mentioned, as it is a derivative of diphenylamine, 
although not of triphenylmethane. 

Methylene blue is made by passing sulphuretted hydrogen into a solution 
of />*amino*dimethylaniline (| 296), iu presence of ferric chloride. The 
product assumes an intensely blue colour, and the double chloride of the 
dye with zinc is precipitated by adding zinc chloride and common salt to 
the aqueous extract. The formation of the blue colour in the abov<' 
manner affords a very delicate test for sulphides. 
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Methylene Uuef '■NMe2Cl:C8H3^^)C8H3 .NMe2 (Caro, 1876), 

is freely soluble in water, and dyes cotton (mordanted with 
antimony tannate) a fine indigo blue, which is fast to light, 
and to alkalies and acids, 4 

866 . Malachite Green : Colour of Aniline Dyes. — ^The important 
green dye, malachite or benzaldehyde green, is related to the 
rosanUines ; it is a methylated diamino-triphenylmethane, and 
is manufactured from benzaldehyde (or benzotrichloride) and 
“dimethylaniline. , 

The mixed liquids are heated with anhydrous zinc chloride on a water* 
bath for some hours, and after removing unchanged dimethylaniline by 
distillation with steam, the resulting leuco'compound is dissolved in dilute 
hydrochloric acid, and oxidised to the carbinol by means of freshly 
precipitated lead peroxide ; the dissolved lead is precipitated with 
sodium sulphate, and the carbinol converted into the double xinc chloride 
of the dye by precipitation with zinc chloride. 

CHPhiO + 3C,H3.NMej 
Benzaldehyde UimetliylaniULie 

CHPh(CeH4.NMea)j -> CPh(0H)(C,H4.NMe2)a 
Leuco-comiiound Carbinol 

NMe5,i6H4.CPh:C6H4:NMe^Cl 

Malachite ^een 

Malachite green or tetramethyldiaminotriphenylmeihane 
chloride y NMe2.C6H4.CPh:CeH4:NMe2Cl (O. Fischer, 1877), is 
an almost black, crystalline substance, which dissolves in 
water to a dark green solution ; it is a basic dye, and dyes silk, 
wool, and cotton (mordanted with tannin) a dark green, which 
is both less costly and faster than methyl green. 

The colour which is precipitated from the solution by excess 
of caustic alkali, is a colourless crystalline substance, like the corre- 
sponding rosanillne compound ; as a pseudo-base or carbinol; however, 
it is considerably more stable than free rosaniline, and is only slowly 
ccm verted into the dye on acidifying its solution at ordinary tempera- 
tures (compare § 362). 

Triphenylmethane, ^though not itself coloured in the usual 
ser^e of the word, thus forms an extensive series of derivatives 
in which its hydrogen is replaced by salt-forming groups, such 
as ainidogen ; it is therefore termed a chromogen 
(Witt, 1876). The selective absorption of light which renders 
a substance coloured is in most organic compounds con- 
ditioned by the quinoaoid structure of the molecule (§ 362), 
whilst the character and extent of the absorption, that is to 
sayj. the actual colour, is largely dependent <mi the nature 
tfa^ 3 ubsti:^ent groups (see also § 381). 
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The “ malachite ” dye formed from ^mitrobenzaldehyde gives practi- 
cally the same shade as malachite green itself, so that the nitro-group 
has little or no Auence on the colour, whereas the reduction of the nitro- 
to an amino-group changes the green to a reddish-violet. Methylation 
of this amino-group converts the reddish-violet dye into the purer colour 
of crystal violet, whilst finally the addition of methyl chloride or iodide 
to this reconverts the violet into green (iodine green). 

367, The Phthaleins. — The last group, of triphenylmethane 
derivatives we have to consider comprises a number of coloured 
and other compounds, which are formed by condensing the 
various phenols with phthalic anhydride. The well-known 
alkali indicator, phenol-phthalem, is thus obtained by heating 
excess of phenol with phthahc anhydride (§ 324) and con- 
centrated sulphuric acid. 

C,H.<“>0 + 2C,H5.0H - + H,0. 

Phthalic anhydride Phenol Phenol-phthaldn 

The heating is continued for several hours, after which the product- 
is boiled with water, to remove phthalic and sulphuric acids, and distilled 
with steam to remove the excess of phenol ; the phthalei'n is then extracted 
from the insoluble portion with dilute caustic soda, and precipitated 
from the crimson solution with acetic acid. 


Phenol-pUhalein, (Baeyer, 1876). is 

a sandy, crystalline substance melting at 250®; it is freely 
soluble in alcohol to a colourless or yellowish solution, but 
is insoluble in water. It dissolves in alkalies to a deep 
crimson solution, the colour of which is discharged by all 
•acids, even carbonic acid, and by many acid salts; it is 
therefore useful as an alkaU indicator (as with feeble organic 
acids), butitis useless as a dye, as the colour cannot be fixed. 

When phenol-phthalein is fused with potash it is converted 
into benzoic acid and dihydroxybenzophenone, the decom- 
position being analogous to that of pararosaniline into aniline 
and diatninobenzophenone by hydrochloric acid (§ 362). 




COCCjH^.OH),' 
-h CgHg.COOH 


Phenol-phthalein Dihydroxybenzoplienone and benzoic add 


The relation to triphenylmethane thus suggested is traced 
through phthalophenone or diphenylphthalide, a crystalline 
substmice which is formed synthetically from phthalyl chloride 
and benzene by the aluminium chloride method j this is in- 
vertible into both jAenolphthalein and triphenylmethane. 
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Phenol phthdein is thus a derivative both of phthalic acid 
and of triphenylmethane ; it is di^ydroxy-dipimylphthalidet 
and the lactone of dihydfoxy-inphenylcarbmol-carhoxylic acid. 


Pbeool'plithalela Phenol-phthaleiD 

Its hydroxy-diphenylphthalide. as lactone of carbinol acid. 

Diphenylphthalide is converted into the diniiro-phthalide by direct 
nitration, and this is reduced to the diamino-phthalide in the usual 
manner ; the dibydroxy-compound obtained from this by the nitrous 
acid interaction is identical with phenol -phthalein, which is therefore 
dihydroxy •diphenylphthalide. 

When, on the other hand, diphenylphthalide is boiled with concentrated 
alcoholic potash, it is hydrolysed to potassium triphenylcarbinol-carboxylaie, 
which is reduced by zinc dust and alkali to triphenylmethane-carboxylic 
acid ; , on distilling the latter with lime, triphenylmethane is obtained ; 
diphenylphthalide or phtbalophenone is therefore the lactone of triphenyU 
carbinol-carboxylic acid, andphenol-phthaleln the corresponding dihydroxy- 
compound* 




Phthalyl ]’iithalic Pheuol-phthalein ; 

chloride anhydride (iihydroxy.dlpheuylphthalide 

Di pheny Iphtbalida Diaitro-diphcnylphthalide Dianiiiio-diphenylphthalide 

« „ /C(aH,)a.OH . ^ „ /CH(C,H,)a *> C6H5 .CH(CsH,)3 
^^^^\C,00n ^«“ACOOH [C0,1 

^ ..... Triphenylmethane 


Triphen3 lcarl>inol- ' 
carboxylie 


T ri ph eiiy hii et i 1 3 iie> 
carboxylic acid 


The striking change of colour produced by dissolving 
phenolphthalein in alkali is again due to the conversion of the 
phthalein into a quinonoid compound; the alkali salt yields 
a bright yellow, crystalline oxime. 

The alkali carbinol-carboxylate obtained by dissolving phenobphthalein 
in a large excess of alkali, is colourless, as is the acid which is liberated 
by exactly neutralising this salt. This carbinol acid is unstable, and is 
rapidly dehydrated to the lactone in hot solution ; but the sodium salt 
cannot form a lactone, and, except in presence df a large excess of alkali, 
is at onfce dehydrated to the salt of a labile quinonoid acid. 

Hence when phenol-phthalein is dissolved in a single equivalent of 
aUcflli, the aimson colour of the quinonoid salt is at once developed, but 
on acidifying the alkaline solution, the colour as rapidly disappears, 
the feeble quinSnoid acid reverting to the more stable lactonic condition ; 
for a similar reason, the crimson alkaline solution is also decolorised by 
a lar^ excess of alkali, owing to the conversion of the coloured quinpnojd 
colourless carbinol-carboxylate. 
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roiourle^carbinotacid; labile 


Colourless carbinol salt: labile 

/f 


OH.C,H..C<g«»‘;OH 
6 1 

Colourless lactone j stable 


D-r* Tl ^ 

Coloured quinonoid acid ; labile 


O-r W •p/^sH.i.OH 

Coloured qumoooid salt ; stable 


Althougli phenol-phthalein and the homologous compounds 
made from cresols, etc., are useless as dyes, the analogous 
resorcinol derivative, which is made m the same way, fur- 
nishes some valuable dye-stuffs. 


Fluorescein or resorcinol-phthalem^ C0.CflH4.C<^®^^5^2!)0 

] Q b.6H3(UH) 


(Baeyer, 1876), is a dark red, crystalline substance, which is 
insoluble in water, but soluble in alcohol and alkalies; the 
alkali solution is red, and shows a fine green fluorescence. 

The halogen substitution products of fluorescein are import- 
ant dyes, and are known as the eosins dawn) from 

the delicate pink tints they impart to fabrics. 


The tetrabroma-product, eosia proper, is obtained as a brick*red pre- 
cipitate when fluorescein is brominated either in cold glacial acetic acid 
or in alkaline solution ; it is puri&ed by conversion into its potassium 
salt, from which it is finally liberated by dilute sulphuric acid, and ex- 
tracted with ether. 


Eosin or 


ietrabromo fluoresce In , 


CO.CeHi.G 


-O- 


.C6HBr2(OH), 

XgHBr^fOH)' 


>0 


(Caro, 1874), is a reddish yellow, crystalline substance, which 
combines with alcohol of crystallisation, but is practically 
insoluble in water; it dyes silk, wool and cotton (mordanted 
with alumina) a fine pink. 


Eosin a strong, dibasic acid, and forms stable, soluble Alkali saltSr 
which are known as water-eosins ; they are used in paper-making, as the 
fibre is already mordanted during the sizing {§ 351 )» hence readfly 
takes up the dye without further preparation. The inono^etHyl ester $ 
which is made by brominating fluorescein in alcoholic solution, is known 
^ eosin. 

"tlist iodofiuoresceins and nitrofiuoresceins ate similar products; the 
tetriodo-compound, which is made in the same way as eosin, is known 
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as erythrosin. Fluorescein itself dyes silk and wool yellow, with a gre^sb 
fluorescence, but the colour is not fast to light ; its disodium salt was 
at one time used as a dye, under the name of uranin, 

GaUein is a blue dye, which is made from pyrogallol and phthaUc anhy- 
dride ; it can be converted into ccerulein, an olive-green dye derived from 
anthracene (§ 375)- The amino-compounds corresponding with the 
fluoresceins (two amino- or alkylamino-groups taking the place of the 
phenolic hydroxy-groups) are known as rhodamines. 

368. Synopsis. — By introducing alkyl Or phenyl groups into 
the amino-groups of rosaniline and other amino-triphenyl- 
methanes, blue, violet and green dyes are produced, the 
colour depending on the number and character of the groups 
thus introduced. The phthaleins, formed by condensing 
phthalic anhydride with phenols, are lactonic derivatives of 
hydroxy-triphenylmethaaes. 



ROSANILINE DERIVATIVES AND PHTHALEINS. 


368] The Triphenylmethane Group 


HNOa H.HNOa ■> 


^ $ Is 


uuol J ^ <-s 


-1 3 

,CC 

_i 

dri{ 


O00-|j 

1,“^- 

) 

. 0 1- 

Mi I 



4l 

si y-o-s 

d -s. 


g. 0 


u *0 


ggii^§'ia*o saslls. 

■J ^SSKrt-s o 


doo 5 ?| 

Lo-'S 


Q .g e-;j> 

>(X 

wwo- #-«s:s 

oou ^'g.ass 

'« n i te ‘■'rt 
KWIS 5 ?^:^ 3 U 


4 \\ 

asujSa" 

m tt wiM d 

oou « a 


yS vS p-o 
i^izSio 

^ m «.S 3 

ISW**? 8 -“ 
'otju'^a 

Ly-I 


c 

SSgIs-sS 


OOU B 3 2 

a 


f j 

feSjR!-* 

»w>lii 

LqJ 1 


ffi t 

k^kI 

I 

B ( 5 uu| 
lO-iB 



CHAPTER LXVI 

NAPHTHALENE 

369. Naphthalene and its Halogen and Alky] Derivatives.^ 
Naphthalene, ttie crystalline deposit which forms in gas mains 
during cold weather, is produced, together with benzene, etc., 
when the simple gaseous hydrocarbons are heated to redness; 
its presence in coal gas and coal tar is doubtless due to this 
syni^iesis (it is quite volatile at ordinary temperatures). 

Its chief source is the middle oil of coal tar (§ 254), from which, as 
already stated, it crystallises on cooling ; after draining under pressure, 
and washing away phenols with alkali, it is purified by-distillation with, 
steam, and sublimation ; or it may be crystallised from alcohol. 

Naphthalene^ C^^Hg (Kidd, 1816; va^^a=bitumen), forms 
large, colourless, leafy crystals, having a characteristic tarry 
odour; it melts at 78®, and boils at 218°, but sublimes 
freely at much lower temperatures, and is volatile with 
steam. It has marked antiseptic properties, and destroys 
moth and the like; but its chief use is in the manufacture of 
indigo and the phthalein and azo dyes. 

Naphthalene resembles benzene in most of its actions, and 
forms, chloro-, nitro-, and sulphonic substitution products 
even more readily, as well as comparatively unstable additive 
products. 

• CioHy.NOs ^ CioHg > C10H7.SO3H ^ CioH^.Cl 
\ltronaplithaI«ie ^ Naphthalene- Chloronaphthalene 

The isomerism of its derivatives is much more complicated, 
however; two sets of mono-substitution products are known, 
and no less than ten (or, if the substituting groups are dis- 
similar, fourteen) sets of di-substitution products. 

a^ii^naphthalemf (LaVent, 1831), a liquid boilii^ at 263% 

£1 |(paed by dire41y chlorinating the boiling hydrocarbon, whilst me 
ft crystalline solid melting at 56*, is prepared trotti 

iti 
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corresponding amino-compound by the diazonium interaction, or from 
the sulphonic acid by the action of phosphorus pentachloride (cf. § 249). 

The ten dichloronaphthalenes, C|oHgCl2» are crystalline substances, 
which are mostly prepared by indirect methods. The additive compound 
mphihalene tetrachloride, CjoHgCtjwWhich is a crystalline substance melting 
at 182", is formed by chlorination in cold chloroform, and on oxidation 
with nitric acid is converted into phthalic acid. 

The halogen-naphthalenes closely resemble the halogen- 
substituted benzenes; their halogen is not displaced by 
boiling with alkalies, ammonia, etc. (§ 244), but, like that of 
the benzene derivatives, is readily exchanged for hydrocarbon 
radicate by the sodium method, or for hydrogen by reduction. 
Similarly the additive tetrachloride is converted into a substi- 
tutive dichloro-compound by partial dehalogenation with 
alkali. 

Naphthalene further resembles benzene in forming alkyl 
and aryl derivatives such as the methyl-naphthalenes, phenyl- 
naphthalenes and dinaphthyls, which are analogous to toluene, 
diphenyl, etc. 

The two fnethylmphthalene$,CiQU^,Cll 2 , 3 ece liquids, which like methyl- 
benzeue, are present in coal-tar. The two phenylnaphthalenes, C10H7. 
CgHg, and three dinapMkyls, CioHr (aa, a^, j 3 ^), are crystalline 
solids, which are formed synthetically ; the | 8 / 3 -compound is made by the 
action of sodium pn /S-chloronaphthalcne in boiling xylene in presence of 
ethyl acetate (§ 279). 

CioH.Cl -I- Naj + C10H7CI = + aNaCl. 

Like benzene, naphthalene forms an additive compound with picric 
acid, which is precipitated on mixing the alcoholic solutions of the two 
substances. Naphthalene picrate, CioHg,C6H2(N02)3.0H, is a red crystal- 
line substance, which melts unchanged at 149“, but is readily decomposed 
into its components by alkalies, or by boiling with alcohol. 

370, The Nitro- Naphthalenes and Naphthalene-Sulphonic Acids. — 

Naphthalene, is nitrated as easily as benzene. On digesting 
it with nitro-sulphuric acid at the ordinary temperature, or 
better, on heating its solution in glacial acetic acid with nitric 
acid on a water-bath, it is converted into a-nitronaphthalene, 
which is purified in the same way as dinitrobenzene (§ 292). 

a^NUronaphthalene, GjoH^NOgla) (Laurent, 1848), is a yellow 
ccystallihe substance, melting at bi'’. It resembles nitro- 
benzene in most of its actions, and is reducible to the corre- 
sponding amine, naphthylamine (§ 371). 

,Chi, the other hand it. is oxidised by chromic add nuxture to v-nitro^ 
crystalline substance resembU^ the nitrobenzole acids; 
heated with phosphorus pentachloride it is converted into a-rhloro* 
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NO,.CeH3(c6oH)a CjoH.NOa CioH^a 
i-NitrophthalicacEd 

p-Nitronaphihaleney a similar yellow sub- 

stance melting at 79°, is obtained indirectly, from the a-deri- 
vative, through the above ainino-compound. 

a-Naphthylamine is digested with dilute nitric acid, and the amino- 
group is eliminated from the resulting ^‘niiro-oL-naphihylamine by warming 
its solution in alcoholic hydrogen chloride with sodium nitrite. 

CjoHa -> ^ C^qH jNH2a)(NOaP) -> C^oH^-NO^W. 

Both naphthalene-sulpbonic acids are formed when the 
hydrocarbon is sulphonated ; they are separated by fractionally 
crystallising tdieir calcium salts, the a-salt being much the 
more soluble. 

At 100°, the a-acid is the main product, but at 160® it is transformed 
into the j8-acid, and the latter therefore predominates when the hydro- 
carbon is sulphonated above this temperature ; the transformation is due 
to the successive formation and partial hydrolysis qji 'the a^^disuiphonic 
acid, the a-sulphonic groi^) being eliminated the moire readily (| 347), 

a- and ^-Naphthalenesulphonic acids^ C^jjH^.SOsH (Faraday, 
1826), ‘are deliquescent, crystalline substances, resembling 
beuzenesulphonic acid. They are converted into sulphonic 
chlorides by phosphorus pentachloride, and these are in turn 
converted by ammonia into crystalline sulphonamides. 

The naphthalene sulphochlorides differ from the benzene 
sulphochlorides in that they are resolved into the correspond- 
ing chloronaphthalenes by the further action of phosphorus 
pentachloride. 

C10H7.SO2CI -f PCI5 - CiflHf.Cl -h SOCI2 + POCls. 

By the action of fuming sulphuric acid on naphthalene, di- and tri' 
sulphonic acids are formed, in the same way as with benzene. . 

371 . The Naphthylamines and Kaphthols. — The nitronaphtha- 
lenes are easily reduced to the corresponding naphthylamines, 
which are bases analogous to aniline j a-naphthylamine is 
usually prepared in this manner. They are also formed by 
heating the naphthols with zinc aramoriiochloride (§ 25^), and 
tiie j&-compound is conveniently mide in this wayj the 
action takes place much more readily than with phenol, and 
at a lower temperature. 

CioHt.N 03 Cio^NHa ^ CioHy.OH 

Nitr<xiapht}ialeae NaphU^lliaiiie Naph&ot 

The bases are si^ free by lime oi soda and purified by dislfllati<m with 
iiip^eate4^te^; or hi the laboratory^ by extraction 
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most suitable reducing agent is iron with a Kttle hydrochloric acid 
(compare Amline> 5 249) ; the ferrous chloride acts as a carrier, being 
altema^y oxid^ to a basic ferric chloride, FeaCl^O, and regenerated 
by the iron, which fe converted into ferroso-ferric oxide (Witt). 

4R.NO, +H9Fe + 4H,0 = 4R.NH, + 

a-Naphthylamine, (Zinia, 1842), which is a 

colourle^, crystalline substance of somewhat -unpleasant 
odour, melts at 50®, and boils at 300®, but sublimes readily at 
a lower temperature. ^-Naphthylafnine is a similar crystal- 
line substance, which melts at H2®, and is odourless. 

The naphthylamines resemble aniline in their actions, and 
form diazotisable salts with acids, but their basic properties 
are less pronounced; their salts are decomposed by sodium 
carbonate (compare Naphthols, below). They are more 
easily oxidised than anUine, and soon turn brown in the air. 

When a-naphthylamine is boiled with chromic acid mixture, it is con- 
verted into naphthoquinone (§ 373), which on further oxidation is de- 
graded to phthalic add ; this also is the product of the direct oxidation 
of /S-naphthylamine. The /ff-base may be converted into the jS-nitro-com- 
pound by the action of cuprous oxide on its diazonium nitrite, and the 
a-base differs from it ia yielding colouring matters with weak oxidising 
ag^ts such as ferric chloride. 

The naphthylamines are converted by nitrous acid into 
naphthols or naphthalene phenols ; these compounds occur in 
coal tax in sm^ quantity, but are usually made from the 
naphthalenesulphonic acids by fusion- with alkali (§ 255). 

CioHg -> C10H7.S63K ^ CiflHy.OH, 

Naphthalene Naphthalene- Naphihol 
su^honate 

a-Naphtholy C^(jHy.OH(a) (Griess,' 1866), is a colourless, 
crystalline substance, having a slight phenolic odour ; it melts 
at 94®, and. is only sparingly soluble in water. ^-Naphthol 
is similar, but melts at 122®, and is more soluble. The naph- 
thols resemble the phenols, but are distinctly more reactive. 

Whilst they are readily benzoylated (| 270) and give coloured ietric 
derivativtSy uiiUke phenol they are soluble in alkali carbonates, and easily 
cwivwrtihle into amines. They also form ethers, such as naphthyl ethyl 
when simply warmed with alcoholic hydrochloric acid ; the ^-naph- 
thyl eth^ are used in p^fumery. 

Like phenol, the naphthols are converted by nitric acid into 
yellow nitro-compounds, which are acid in character and have 
niarked tinqfcoriai power. The"naphthylamine and naphthol- 
sulphonin acids are also employed technically in the preparation 
of dyes ^ ^^£i|) j loort^n of each are theoretically possible. 

KK 
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CioH 5(N03)2.0H, is a brilliant yellow, crys^Uine 
substance, resembling picric acid in almost every respect ; its «odium 
salt, Martius* yellow, is used as a dye, and the .potassium salt of its sul. 
phonic acid is similarly used as naphthol yellow, 

Naphthionic or a-napJithylaminesulphonic acid, CioH6(S03H).NH2(d), is 
formed by directly sulphouating a-naphthylamine at 130° ; it is a sparingly 
soluble compound which is isolated in the ordinary manner. The 
photographic developer, eikonogen, is an amino ■^■naphtholsuiphonic acid. 

When reduced with sodium in amyl alcohol, the naphthyl- 
amines are converted into tetrahydronaphthylamines, but 
whereas the a-compound is comparatively little altered in 
properties, the j^-compound is converted mainly into a 
paraffinoid amine (§ 372). The naphthols behave similarly. 

Tefrakydro-a-naphthylamine, (Bamberger, 1889), is a 

neutral oily liquid which boils at 289°, Like a-naphthylamine it can be 
diazotised, and is very readily oxidised ; it reduces ammonio-silver solu* 
tions, and yields adipic and oxalic acids with permanganate (§ 372). 

TetrahydrO’^^naphthylamine (Bamberger, 1888) is an alkaline, ammonia- 
cal liquid boiling at 251° ; it has ho reducing action, is converted into 
naphthalene by nitrites in acid alcohol, and into o-carboxyhydrocinnamic 
acid, COOH.CgH4.CH2.CH2.COOH(o), by alkaline permanganate. 

The tetrahydronaphthols show analogous differences (§ 372). 

Like benzene, naphthalene forms a series of carboxylic 
acids, alcohols, ketones, etc., and these are closely analogous 
to compounds of the benzyl-benzoic group. 

The cyanonaphthalenes, CiqH^.CN, are crystalline substances which are 
prepared from the naphthylamines by the diazonium method ; they are 
converted by pyrosulphuric acid into the corresponding naphthamides, 
C1PH7.CONH21 crystalline substances from which the naphthoic acids are 
obtained by the ordinary hydrolysis, or the action of nitrous acid. 

o- and ^-Naphthoic acids are crystalline substances, which are re- 
solved ihto carbon dioxide and naphthalene when distilled with lime { 
the a-acid is the stronger (Ka — 0-0197, K|^^ — O'OOjZ). ' 

Naphthalic acid, C^oHp(COOH)2, one of the ten naphthalene-dicarboxy- 
lie acids, is formed by oxidising acenaphihene or oa-ethylenenaphthcdme, 
CioH 6:C2H4, a crystalline coal-tar hydnxarbon, obtained synthetically by 
debrominating u-bromo-a^eihylnaphthalene, CipH7.CH2.CH2Br. As napb- 
- thalic acid readily forms an anhydride, and is not the known 1:2 <^a/ 3 -acid, 
the carboxyl groups are in the aa or ^w-t-position (§372). 

872, Gonstitation of Naphthalene. — ^The close analogy between 
naphthalene and benzene leaves little doubt as to its benzenoid 
constitution, which moreover is decisively proved by its oxida- 
tion to phthalic acid (§ 324), when boiled with nitric acid. 

The 'same oxidation is carried out technically with hot, concentrated 
aulphuric acid in presence of mercuric sulphate j for laboratory purposes 
it is convenientiy effected by oxidising naphthalene tetradi^de (| 369), 
or, the cr^e dic^oride {which is obtained by heating the hydrocarbon 
li^th hj^idloehloric add and potassium chlorate) with nitric adi^ l 
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Tliis oxidation hot only proves that naphthalene is a benzene 
derivative, but also indicates that two of the additional 
carbon atoms are linked in the ortho-position, whilst the 
remaining pair are not directly connected with the ring. 

■ C 

O COOH 
COOH 

Beazenoid Nucleus of Naphthalene. 

The four additional atoms cannot form an open chain, or 
the additive chloride would be a hexachloridc ; they must 
therefore form another ring. The complete analogy between 
benzene and naphthalene indicates that this also is a benzene 
ring (Erlenmeyer, 1866). 



The correctness of the inference is proved by the difierent behaviour 
of a-nitronaphthalene and a-naphthylaraine when oxidised ; whilst the 
nitrO'Compound yields nitrophthalic acid (§ 370), the amine obtained by 
reducing it gives phthalic acid itself. This result is only intelligible on 
the assumption that there is a benzene ring in the amino- molecule (and 
therefore in the nitro-molecule), distinct from that which contains the 
amino* (and nitro-) group (Graebe, 1880 ; Noelting, 1883). . 

NOa-C^HsiC^H* NOj>.C«H,(COOfI)a 

a-Nitrunnphthaleiie Nitrophthalic acid 

^ I 

NHs.CeH3:C.H* = (COOH^CeH* 

Napiithylaiiiiiie Phthalic acid. 

The naphthalene molecule thus consists of two benzene rings, 
which have two adjacent carbon atoms in common ; its nucleus 
is a condensed benzene ring. This result affords an 
independent proof of the orientation of phthalic acid. 

a a 

H H 

B H 

a a 

Structural Formula of Naphthalene 
3^ '4/ are sometimes uuiubeicd 8. 7, 6^5; i,8=^i«‘-posltiOTi) 

The above formula is confirmed by the synthesis of 
Naphthalene from benzaldehyde and succinic acid. 

_ Cheating: these substances with sodium succinate, they condense, 
k»Hig' 'water tod carbon dioxide (compare § 332), and on. boiling the'^ 
crystalline product# pUtnylisomioaic acidt either alone or with water, it 
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suffers further condoisixtioii to a^iiaphthol ; this is converted- into the 
hydrocarbon by distillation with zinc dust '(Fittig, 1883). 


CaHj.CHO + CXWH.CHj.CHa.COOH 

Benzaldehyda Sucdnic add 


CeH 5 .CH:CHXH,.C 00 H 

FbenylisocrotoDic acid 

XH:CH XH :CH 

Napbth3]eii« <iuMaphthol 


A direct synthesis of a naphthalene derivative from an open-chain com- 
pound is afforded by condensing diacetylacctone (§ 409) with itself, ia 
slightly ^alkaline solution, ordnol (§302) being formed at the same time. 
Acetyl-dihydroxy-dimethylnapUlialme, CH3.CO.CioH3Me2(OH)2 (Collie, 
1893), is a crystalline substance melting at 194®. 


CH;,.C:CH- 


iOH "^OH ■■ 0"'i 

!H H Hg) 

CH :C(OH).6C{OH).C.CO.CH,, 


Diacctylacetone{3mols— pattially enollc.) 



Acetyldihydroxyil uaethy laaphtlial^nc 


The best justification of the formula, however, is the agree- 
ment of the isomerism of the naphthalene substitution-pro- 
ducts with that which is required by theory. An exhaustive 
examination of the chloro-derivatives of naphthalene, pre- 
pared in all possible wa3rs, has shown that all the required 
compounds can be made, and that there are no others 
(Armstrong, Wynne, 1890-1895); there are two chloronaph- 
thalenes, ten dichloronaphthalenes, and fourteen trichloro- 
naphthalenes. 

There should be two sets of monosubstitution products, for the positions 
next the central carbon atoms (a) are differently situated from the other 
four (d). 

Similarly, there should be ten sets of di-substitution products, such as 
the dichloronaphthalenes, for the positions 

1:2, 1:3, 1:4, 1:1', 1:2', 1:3', 1:4', 2:3, 4 : 2 'i 2:3^ 
are all different. * 

Finally, there should be fourteen trichloro- or similar products, tbe 
respective positions of the groups being — 

1:2:3. 1:2:4. 1:2:2', 1:2:3', ^2:4% 1:3:1', 

1:3:2. 1:3:3, 1:3:4'; 1:4:2'. 2:4:4', 2:3:2', 2:3:2. 

The double ring formula also explains the difference between 
thd' reduced naphthylamines (§ 371) ; tetrahydro-a-naphthyl- 
amine is an analogue of aniline, whilst, the corresponding 
/S-naphthylamine product is derive! from aminocyclohexane. 

The general resemblance of the a-compound to the aromatic amin^ 
shows that the azmno-substituted ring is still essentially aromatic, an 
unreduced ; a-compOund is therefore termed anmaatic or 
'te 4 rahydro*a-naphthylmnine. The higWy basic iiature ^ the 
jQii tbe hand, '^hows that it is aliphatic in charact^*, , 

combtaed with the amino^substitfited riti|i; $ the 
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is therefore termed alicyclic or otf-tetrahydro-jS-naphthylamine. The re- 
lated naphthol derivatives show simily differences ; zi-teirakydro-v,' 
naphthol is a crystalline substance (m.p. 69“) which resembles phenol rather 
than naphthol, whilst aC’tetrahydro-^'mpMhol is a liquid alcohol (b.p. 
266°) of cycloparaffinoid type. 

The marked difference between the naphthylamines and naphthols, and 
their ar-reduction products, would seem to indicate that the molecule 
of naphthalene itself contains only one ring, with ten centric valencies 
(Bamberger, 1890 ; see Quinoline, § 389). 


373 . The Naphthoquinones.— When a-naphthylamine is boiled 
with chromic acid mixture it is converted into a-naphtho- 
quinone, which, however, is more conveniently prepared by 
oxidising the hydrocarbon itself with chromic anhydride in 
glacial acetic acid ; it is isolated by distillation with steam. 


a-Naphthoquinone, 


COXH 

CO.CH 


(Groves, 1873), is a yellow, 


crystalline substance, melting at 125°, which resembles ordi- 
nary benzoquinone in appearance and odour, and in the 
readiness with which it sublimes. 


Like quin one, it is reduced by sulphurous acid to the corresponding 
hydroxy-compound, i^-dikydroxynaphthalene, a crystalline substance 
resembling quinol ; but it is oxidised to phthalic acid by prolonged boiling 
with chromic acid mixture. 


A second naphthoquinone is formed by similarly oxidising 
P^amino-a-naphtholfVfhichis forined from /i-nitro-a-naphthyl- 
amine (§ 370) by the successive action of nitrous acid and tin 
and hydrochloric acid. 


f* M 


OHW „.OHU) 


P-Nitroa-Ua^thylamine /3-Nitro-a-naphthol /S-Ammoa-naphthoI 


^•Naphthoquin^ngf is a red, inodorous, crystalline sub* 

CH.CH 

stance, which blSckens and decomposes when heated, and does not melt 
or sublime, nor volatilise with steam (compare o*Beazoquinone, § 304)^ 
It IS reduced by sulphurous acid in a similar manner to the a-compound. 

The para-formula of the a-quinone follows from its oxidation to phthalic 
acid, and its analogy to benzoquinone ; and as the j8-compound is also 
convertible into phthalic acid, it must be represented by the alternative 
ortho-quinone formula. 

874 . Synopsis, — ^Naphthalene is a hydrocarbon, which 
resembles benzene and forms similar derivatives, but as its 
molecule consists virtually of two benzene rings having two 
atoms in common, the isomerism of its substitution 
prodqct^ U miffe comrdex. 





CHAPTER LXVir 


ANTHRACENE AND ANALOGOUS HYDROCARBONS 

. 575 . Anthracene and Anthra^uinone. — The “ green oil of coal 
tar, which passes over at 300-350°, and constitutes about 20 
per cent, of the tar, contains a hydrocarbon anthracene, 
which crystallises in an impure state on cooling. 

After pressing and washing with light naphtha, this commercial product 
contains about half its weight of the pure hydrocarbon, together with 
phenols and phenanthrene (§ 378). To eliminate these, it is distilled with 
solid potash, washed with carbon, bisulphide to remove phenanthrene, and 
finally recrystalUsed from benzene until its melting point is constant, 

Anihyacenef (Dumas, 1832 ; dv^pa^=:coal), is a 

colourless, but fluorescent, crystalline substance, which melts 
at 217°, and boils at 351°. It resembles naphthalene and 
benzene in most respects, forms a red, crystalline and 

can be chlorinated and sulphonated. 

With chlorine at ioq“, it yields a ckloranthmcene, C14H9CI, and dichlor^ 
anthracene, C14H8CI2, whilst in the cold, especially on chlorination in 
carbon bisulphide solution, it forms an additive compound, anthracene 
dichloride, Cj^HioCla j all these are crystalline products. 

On heating anthracene with nitric acid under ordinary 
coijditions,' it is not nitrated, but oxidised to its quinone, 
anthraquinone; this substance, which is of technical import- 
ance, is more conveniently obtained by the action of chromic 
anhydride on a solution of the hydrocarbon in glacial acetic 
acid (or technically, with chromic acid mixture). 

A vigorous action ensues, and on pouring the green product into water 
after boiling in a reflux apparatus for an hour, thehuthraquinone separates 
as a yellow piredpitate, which is washed with caustic soda and water, and 
purified by sublunation. » 

' pinitrmthracene, Ci4H8(N02)a. is obtained by the action of cold nitric 
'Kid (fr^ from nitrous acid) on the hydrocarbon; it is converted into 
anthraquinone by hot nitric acid. 

^^hraqHnone^ (Laurent, 1834), is a bright yellow, 
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(Jfystailine substance, which melts at 285®, ^ils at^ 380“, and 
stiblimes very e8isily. On distillation with zinc dust, it is 
reconverted into anthracene, which sublimes; but it differs 
from benzoquinone and a-naphthoquinone in that it is 
unaffected by oxidising agents, and is not reduced by sul- 
phurous acid ; it is not a quinone, in fact. 

The ketonic character of anthraquinone is pnoved by its 
condensation with hydroxylamine to a crystalline monoxime 
and dioximey and its conversion into an alcohol, antkranolj by 
reduction. It is converted into potassium benzoate, when 
fused with potash, and conversely, is formed, together with 
benzophenone, by the distillation of calcium benzoate. 


Anthraquiooae 


CgHa.COOH 

C00H.CeH5 
Benzoic add (z mols.) 


It is also produced by distilling with phosphorus pentoxide the crystalline 
o-benzoyVjenxoic aoid, CeH6.CO.C5H4.COOH, which is formed from 
phthalic add and benzene by the condensing action of aluminium chloride. 


These decompositions and syntheses lead to the conclusion 
that anthraquinone is a double ketone of benzoic acid, in which 
two benzene nuclei are linked by two ortho-keto-groups. 



Structural Formula of Anthraquinone, 

The anthracene molecule therefore contains thre<^*t)enzene 
rings, and is represented by the following structural formula, 
in which, from q^nsideratioii^ of valdncy, the para-atoms of 
the middle ring are linked together, forming tertiary methine 
groups; hence their ready oxidability. 


1 


1 , I 


I I I 

B H H 


Structural FMmula of Anthraceoa. 


'IhU otioclusion is confirmed by the synthesis of the hydcocarhon fr^’m 
acetylene tetrabromide and benzene by the aluminium ddocide method* 


C.H* + 


fir -fir 
)Ar -dH 




4^4HBr 
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J 76 . AUzatin. — The chief interest of anthracene and anthra> 
quinQne.^ 4 ^ in their relation to alizarin, the essential con- 
stituent “bf madder, which is one, of the most important and 
longest known of the natural dye-stuffs of the East. 

Alizarin occurs in the madder root as a crystalline glucoside, ruberyikfic 
C26H230|4> and on macerating the root with water this is hydr<^ysed 
by an accompanying enzyme to glucose and the dye, which may be purified 
by sublimation ; the hydrolysis may also be effected by dilute acids. 

+ sHsO »• Cj,4H804 + 

Alizarin, Cj^Hg02(0H)2 (Rochleder, 1870), is a red crystalline 
substance, which melts at 290®, and sublimes easily; it is 
scarcely soluble in water, but dissolves in alkalies to a purple 
solution, from which insoluble, highly coloured salts, the 
lakes, are precipitated by metallic hydroxides ; the aluminium 
and stannic salts are crimson, the ferric salt dark violet, and 
the chromic salt purple brown. 

By mordanting fabrics with the hydroxides these lakes can 
be precipitated within the fibres, and very fast and brilliant 
dyes obtained. 

On steaming a fabric soaked in aluminium acetate, the salt is dissociated, 
and on passing the fabric, thus mordanted with alumina, through hot 
water in which alizarin is susp^ded, it is dyed a fast purpie-red. In 
Turkey-red dyeing, by which a brilliant scarlet is produced on cotton, the 
fabric is mordanted with the aluminium salt of ricinoUtc acid {hydroxy- 
oleic acid), which occurs as a glyceride in castor-oil. Ah “ acid ” dyes 
are mordipted with hydroxides in this manner. 

377 . Constitution and Synthesis of Alizarin. — From the forma- 
tion of the above salts, it follows that alizarin is either an 
acid or a phenol ; and that it is a phenol, and not an acid, is 
proved by its conversion by acetic anhydride into a diaceiaie, 
which no longer forms such salts. There remain two oxygen 
atoms to be accounted for. 

On distilling the dye with zinc dust in a current of hydrogen, 
it is reduced to anthracene, and as anthraquinone is itself 
reduced in an identical manner, and all phenols yield their 
hydrocarbon when treated in this way, it follows that alizarin 
is dihydroxyantkftaquinone, a diphenol of anthraquinone 
(Graebe, 1868). 

CeH.<^^eeH,(OH), 

Sj^toral Fornmla of Alizarin as DOxydroxyanthraquiaonflu 

^Huinf^r^Geisiolly confirmed by synthesis; the pofissium 
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salt of alizarin is produced when either dibromanthr'aquinone 

anthraquinonedisulphonic acid is fused with potash, 

Anthraqillnoue Dibrbmanthraqumoiie Dihydroxyaathraqtfiuoae 

Dibrommihraquinone, CgH4:(CO)2:CQH2Br2, is a crjratalline substance, 
which is formed when anthraquinone is brominated at 160'' in presence 
of iodine. When fused with potash (§ 255), it exchanges its halogen for 
hydroxyl in the normal manner (compare §§ 244, 305), and is converted 
into a purple potassium salt. This is identical with potassium alizann, 
and when decomposed, by acids in aqueous solution yields a red precipi- 
tate which sublimes in red crystals, and is in every respect identical with 
natural alizarin (Graebe, 1868). 

Alizarin paste is now usually made from the sodium mono- 
sulphonate by a modification of this process, and as thus 
synthesised has practically supplanted the natural dyer 

^14^302 Cj^4H702.S03H Cj^Hy02.0H C£ 4 Hg 02 (OH) 2 , 

The crude anthraquinone, prepared by oxidising crude anthracene with 
chromic acid mixture, is converted into the monosuiphonic acid by heating 
with fuming sulphuric acid at 180° ; and on fusing the sparingly soluble 
sodium sulpkonate (which is termed silver salt, technically,^ from its lustrous 
appearance) with caustic soda and potassium chlorate, sodium alizarin is 
obtained, from which the dye is precipitated with dilute sulphuric acid. 

On fusing alizarin with' potash at a high temperature, it (p 
resolved into benzoic and prptocatechiiic acids, so that the 
phenolic groups are in the same benzene ring, and in the 
orthp-position relatively to one another. A similar^roof is 
afforded by the synthesis of the dye by heating a mixture of 
catechol and phthalic anhydride with sulphuric acid. 

CeH,<^°>0 + QH4(0H)2 > QH4<™>QH,(0H), 

Phthalic Catechol 

anhydride CgHg.COOH + COOH.CgH3(OH)2 

Benzoic acid Protocatechuic acid 

The corresponding irihydroxyanthraquinones are formed by oxidising 
alizarin with manganese ^oxide and dilute sulphuric acid, or by. fusing 
antbraquinone-disulphonic acid with potash (hydrogen being evolved, as 
in the ^xidation of resorcinol). They are also used as dyes, and produce 
yellower reds than alizarin ; the vicinal compound, purpurin, is associated 
with it as a glucoside in madder. . 

The tinctorial power of the hydroxyanthraquinones is 
dependent on the relative positions of the phenolic groups, for 
the isomeric quinazarin (from quinol) has no value as a dye; 
only those hydroxyanthraquinones have dyeing power, which 
two. adjacent hydroxyl groups. 
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378, PhenanthreM, Chrysene, and Piwne.— The isomeric hydro* 
carbon, phenanthrene, which is present in crude anthracene, 
is freely soluble in the carbon bisulphide used in the purifica- 
tion of the latter, and can be recovered from the mother- 
liquor; it is also formed as a bye-product in the preparation 
of mercury in Idria. 

The crude phenanthrene is converted into its pier ate, which after several 
recrystallisations from alcohol (by which the anthracene picrate is 
dissociated and removed), is decomposed with ammonia, 

Phenanthrene, (Httig, 1873), is a colourless, crystalline 
substance, which melts at 96°, and is fluorescent in alcoholic 
solution. It resembles anthracene in general properties, and 
on oxidation with chromic acid mixture is converted- into a 
quinone, which resembles )S-naphthoquinone rather than the 
ordinary quinones. 

Phenanthraquinone, C^^HgOg, is an orange, crystalline sub- 
stance, melting at 200®. Like benzoquinone .and anthra- 
quiuone, it forms a dioxime, but it is also convertible into 
a bisulphite compoundt like the aliphatic ketones, and is 
odourless, and not volatile with steam. 

By further oxidation, phenanthraquinone is converted into 
crystalline dibasic acid, diphenic acid, the constitution of 
which as a dicarboxylic acid of diphenyl {§ 353) is proved by 
its conversion into that hydrocarbon when distilled with lime. 

• Phenanttene is thus a derivative of diphenyl; and it is at 
the same time a derivative of stilbene {§ 357), from which it is 
formed by passing its vapour through a red hot tube. 

CgHg.CH , C8H4.CO CgH4XOOH CgHs 

CqHs.CH C6H4.CH C6H4.CO C6H4.COOH CgHg 

Stilbene Phenanthrene Phenanthra- Diphenic add Diphenyl 

quinone ^ 

These results lead to a formula, which is analogous to those 
of naphthalene and anthracene, and represents phenanthrene 
as a condensed ring compound, having three benzenoid rings 
in its molecule. 

CH : CH ^ 

0-0 “ CK 3 

Structural Forronla of Phenanthrene 

'Retetu or m^methyl^isopropylphenanthrene, C^H 2 MePr .CH:CH.^H 4 , is 
• crystalline hydrocarbon, whi^ occurs naturally in pine tar and fossil 
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resin ; when heated with hydriodic acid and phosphorus, it is reduced to 
dodehahydroretenet C^gHgo, a liquid of high boiling>point, which is also 
obtained by reducing abietene (§ 351} in a shUilar manner. «r 

Chrysene and picene, the phenylnaphthyl and dinaphthyl 
compounds corresponding with phenanthrene, are obtained 
from the less volatile portions of coal tar and from pitch; 
they are characterised by their great stability at high tempera- 
tures, • 

Chrysene, CigHig, a colourless, fluorescent substance, which melts at 
250® and boils at 448®, is also formed synthetically by distilling phenyl- 
naphthylethane. On oxidation it yields^ and ^-phenyl’ 

naphthoic arid, the latter of w^ch is converted into ^-phenylmphth^ne on 
distillation with lime. 

CeH^. CHa C,H4 .CH .CO ‘ 

CioH^.CH, CioHe.C'H C^oHs.CO CioH^.COOH C^oH, 

Phenylnaphthyl- Chrysene Chrysene* jB-Phen)dnaph- ^-Pheoyloaph- 

ethaae quinone thoic acid tbalene 

Picene, C22Hi4> has the highest melting point, 364®,' of all the hydro* 
carbons, and boils only at a dull red heat. It behaves on oxidation in the 
same way as chrysene, being converted into picenequinone and picenic or 
^-naphthylnapht^ic acid, from which / 3 / 3 -dinaphthyl (§ 369), is obtained 
by distillation with lime. Picene is thus the phenanthrene of the naptha- 
lene series. 

C,oH«.CH CioHe.CO C,oHi 

CioHa.CH ^ CioH«XO CioHe.COOH 

Pic<ne Picenequinone Picenic acid pfl-Dinaphthyl 

879, Synopsis. — Anthracene, phenanthrene, chrysene and 
picene are coal tax hydrocarbons which resemble naphthalene, 
but contain three or more benzene rings in their molecules. 
Anthracene is the mother substance of the natural dye alizarin, 
which is made synthetically from it. 
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CHAPTER LXVIII 

THE AZO-COMPOUNDS 

S80. Azoxybenzene, Azobenzeae, and Hydrazobenzene.— The 
graduated reduction of nitrobenzene to aniline, which under 
suitable conditions can be traced successively through nitroso- 
benzene and phenylhydroxylamine (§ 263), becomes further 
complicated when the action takes place at a higher 
temperature, and especially in presence of alkalies. 

The initial product in such actions is azoxybenzene; but 
when a somewhat more energetic agent is employed, such as 
zinc dust and alkali, sodium ainalgam, or alkaline stannite, 
tliis product is further reduced to azobenzene and hydrazo- 
benzene, either of which may be isolated, according to the 
conditions. 

By still more energetic reduction, especially in acid solution, 
these various compounds are resolved into aniline, so that 
the three reduction products form a second series of connect- 
ing links between nitrobenzene and its amino-derivative. 

CfiHg.NOa , , QHr.NH, 

CeHg.NOa ^ ^ CeHs.NH^ 

Nitrobenzene . Aniline 

QHs.N QHc.NH 

C^Hs-N' QHj.NH 

Azoxybenzene A?obenzene Hydrazobenzene 

‘Azoxybenzene is prepared by boilifig nitrobenzene in a 
reflux apparatus with alcoholic sodium methoxide (sodium 
in methyl alcohol) ; it probably results from the condensation 
of the nitxoso- and hydroximino-compounds. 

CeH5.N0 + NH0H.C,H5 - CeHi.NjO.CeHj + H, 0 , 

Nitrosobenzeae Hienylhydroxylamin* Azoxybenzene ^ 

after somejiours* boiling, the odour of the nitro-cpmpouild ^ no 
oe^det^fed, the solvent is dUtUled ofl ; ,the solid r4idne M th^ 
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washed with water, to remove the sodium formate which results from the 
oxidation of the methoxide, and the yellow azoxybenzene is recrystallised 
from dilate alcohol (§ 244) or light petroleum. 

(Zinin, 1845), is a bright 
yellow, crystalline substance, which melts at 36®, and is 
indifferent to acids and alkalies ; when distilled with reduced 
iron, or even when rapidly heated, it is reduced to azobenzene, 
and it is similarly converted into the azo-and hydrazo-com- 
pounds by reduction with zinc and alkali. 

Azoxybenzene is resolved into aniline when reduced with zinc and acetic 
acid, and is converted into the isomeric hydroxyazobenzene (§ 382) by 
the action of concentrated sulphuric acid. 

Both azobenzene and hydrazobenzene may be obtained by 
adding zinc, dust to a warm alcoholic solution of nitrobenzene, 
containing caustic soda; the action is energetic, and should 
be moderated by cooling if necessary. If the addition of zinc 
is discontinued immediately the odour of nitrobenzene has 
disappeared, the liquid is deep orange in colour, and the pro- 
duct mainly azobenzene, whilst by further addition of the 
metal to the boiling solution, hydrazobenzene is obtained. 
ro-| 

QHs.N . N.CeHs^ CsHj.NtN.CaHs^^QHs.NH.NH.CoHj 
Azoxybenzeoe Azobenzene Hydrazobenzene 

The azo-compound is in part formed by the reduction of azoxyben- 
■ zene, and may he obtained, with good yield, by distilling this compound 
with reduced iron. Its formation is also due, however, to oxidation of 
the hydrazo-compound by unchanged nitrobenzene ; it may thus be 
prepared almost quantitatively from the nitro- compound, by reducing, it 
electrolytically in alkaline alcoholic solution, with an electromotive force 
below that which is required to reduce the hydrazobenzene to anihne 
(compare § 263) ; some azoxybenzene is, regenerated during the oxidation 
of the hydrazo-compound by the nitro -compound, but is again reduced 
to the hydrazo-compound as the action continues. 

Azobenzene is also formed in small quantity by the action 
of oxidising agents, such as hypobromites, on aniline; the 
brick-red precipitate obtained with sodium hypobromite 
(I 249) consists ma.inly of this compound. Its formation is 
here probably due to the condensation of nitrosobenzene with 
uhehaL^ed aniline (§ 263). 

GflH8.NO + NHs.CflHs - CflHs.NiN.CgHs + H^O, 
Nifroso])eii2ea|e Aniline Azobenzene 

The hydrazobenzene is isolated from the above alcoholic product by 
poui^ g'the cc^oiirless hltrate into water, and recrystallisin^ the precipitate 
h3om:ato<^dL The azobenzene may be obtained by simply concentriitmj 
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the Inteemiediate orange solution, but as it is difficult to stop the reduction 
exactly *the right stage, it is better to complete it, and then bridise the 
crude hydrazoben/^ne by passing nitrous fumes into the filtered alcoholic 
solution, or boiling it with solid ferric chloride. Pr^tically, however, the 
reduction of azdXybenzene with iron gives the mos^atiswctory results. 

Azobenzene or benzene-azoh&nzene, CgHg.N':N.CgHj5 (Mitscher- 
lich, 1834)* is an orange-red, ciTStaUine substance, which melts 
at 68®, and at 293® boils to a deep red vapour; it has a faint, 
fragrant odour. It is chemically iridifierent, and combines 
neither with acids nor alkalies ; but on further reduction, as 
with zinc dust and acetic acid, is resolved into aniline. 

QH5.N:N.QH5 + 4H - 2CeH6.NH2. 

Hydrazobenzene or symmetrical diphenylhydrazinef QHs. 
NH.NH.QH5 (Hofmann, 1863), is a colourless, crystalline 
substance, which melts at 13 1®. Like a^obenzene, it is in- 
different to acids and alkalies, and is reduced to aniline by 
zinc dust and acetic acid, but it is less stable than the coloured 
product, and is readily reoxidised to it, even by air. 

Itself indifferent, hydrazobenzene is converted by simple 
digestion with concentrated hydrocWoric acid into a basic 
isomeride, benzidine or p-diaminodiphenyl (§ 353), 

C5H5.NH.NH.QH5->(/»)NH2.QH4QH4.NH3(^). 

Benzidine transformation. 

The ssune transformation is effected by reducing alcoholic azobenzene 
with tin and hydrochloric acid, the hydrazobenzene at first formed at once 
undergoing conversion ; after distilling off the alcohcd, the sparingly 
soluble benzidine sulphfite is precipitated with dilute sulphuric add, and 
the base separated with ammonia. 

The homologous compounds derived from the nitrbtoluenes, etc-, are 
transformed in a similar manner, except when one or both para-positions 
are already occupied, in which case only one of the benzene nuclei is 
turned round, and derivatives of diphenylamine are formed; th^ 
isomerisations are known -respectively as the benzidine and sei^* 
dine transformations. 

; C8H,.NH.NH.CbH4.NHAc{/.) (;.)NH 8.C,H4.NH.C^JfHAc(^). 

' Senudise tiansformatton 

■ The constitution of azobenzene rests partly^n its relation 
'fo nitrobenzene, nitrosobenzene, phenylhydroxylamine and 
aiuJine, and partly on the synthesis of its derivatives from 
diazonium compounds (below). 

881 . Ami&oazobenzene : Col»at of Azo-Comi>c|iid8.--'The azo- 
compoimds are the motlier substances of a large class of 
valuable dyea Although azobenzene is it^f intesely 
is useless as a dye, for being indifferf^ to adds 
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and bases it comtijies neither with fibres nor mordants and 
cannot be made fast in the fabric. ’ 

By introducin§_salt-forniing acid or basic groups, however, 
such as hydroxyl and amidogen, derived products are oh-’ 
taiued, which OTe stiU highly coloured, but now, Uke indigo 
and the rosanillnes, form stable combinations with mordants, 
etc., and can be fixed permanently in the fibre; these are 
the azp-dyes. 

Radicals such as the azo- and nitro-groups, which confer colour on a 
chromogenic molecule (§ 366) such as that of benzene, or more correctly 
render its latent colour visible, are termed chromophores (Witt* 
1876) ; their special property is attributable in the great majority of 
cases to the readiness with which they lend themselves to the transforma- 
tion of the chromogenic molecule into a quinonoid form (§ 362}. 

In the case of the triphenylmethane dyes, the amino-group which con- 
stitutes the chromophore is also the salt-forming group which converts 
the colouring matter into a dye, but this coincidence is not essential, and 
m the azo-dyes the salt-forming radical (which is sometimes termed the 
auxochrome) is distinct from the chromophoric azo-group. 

The selective absorption of light to which the colour of substances is 
due is by no means confined to the visible spectrum, and many chromo- 
genic compounds, such as benzene, show extensive absorption in the ultra- 
violet region, beyond the limits of visibility. Such* chromogens must 
therefore logically be classed with coloured substances, the invisibUity of 
the colour being due merely to physiological limitations. Chromogeus 
are thus invisibly coloured substances, and chromophores are atoms or 
groups whi(di are capable of reducing the rate of vibration of the chromo- 
i^) absorbs light of ordinary refran^bility (Hartley 

Aminoazobenzene, the prototype of the. azo-dyes, was first 
obtained by the action of nitrous fumes on alcohohc aniline 
(M6ne, 1861), its oxalate being used as a dye, under the name 
of anUine yellow (Nicholson, 1863). Its formation involves 
thf ^azotisation of part of the aniline, and consequent pro- 
duction of diazobenzene-anilide (§ 259), and like most dia^ 
zonium interactions is materially facilitated by generating 
the nitrous acid in the solution; in the presence of excess of 
the aniline salt, the diazobenzene-anilide is converted into the 
9 Jninoazo-conipoimd. 

C8Hjs.NC 1: N -h NHj.CeHs ^ CflHs.N:N.NH.CetH« 

"®^euediazc»uuia Chltxide Aniline Piazobenzene-aoilide 

4:C,H5.N:N.CeHt.KH| 

Benzene-azo-aniliiu^ 

A o(»)CQatra^ solati<m of sodium nitrite is added with the usual pre» 
cauhong^ 4 ^) ^ of aniline hydrochloride in the requisite 

^ouut of warm aip^' Ihe produ 5t, winch now contaii^ diazbb^zeae. 

tii 
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anilide, formed by the interactioa of the diazonium chloride with part of 
the aniline, is kept warm until the transformation of the anilide is com- 
plete, and no nitrogen is evolved on wanning a small portion with concen- 
trated hydrochloric acid. The amino-azobenzene and unchanged aniline 
are next dissolved in concentrated hydrochloric acid, and kept at 60-70®; 
tha yellow azo-hydrochloride is slowly precipitated, and ^ter washing 
with dilute hycbrochloric acid, is decomposed with ammonia, the free 
base being arystallised from benzene and alcohol. 

Aminoazohenzene or 

(Griess, 1866), which is aa orange, crystalline substance having 
a blue reflex, melts at 126®; its oxalate t aniline yellow, is a 
steel-blue crystalline substance, which dissolves in water to 
a yellow solution. 

Aniline yellow dyes silk and wool directly, but cotton only after mor- 
danting with stannic tannate (§ 360) ; the colour is a dull and fugitive 
yellow, but a purer and faster colour, acid yellow, is given by the sodium 
salt of the corresponding sulphonic acid, 

Aminoazobenzene is now manufactured chiefly for conversion into dark 
blue dyes, the induHnes, complex substances which are made by heating 
the azo-compound with aniliae hydrochloride and aniline. 

The constitution of this base is confirmed by its production 
from nitroazobenzene, by reduction with ammonium sulphide, 
and by its resolution into aniline and />-phenylenediainine, 
when reduced with stannous chloride; the orientation of the 
amino-group also follows from the latter interaction. 

CgH5.N:N.QH5^6H5.N:N.CgH4.N03*>CeHB.N:N.C8H4.NH, 
Azobeozcae . Nitroazoben^e AmiDoazobenzene 

CeHj.NH, + NHj.C(,H,.NHj(^) 

, Aoiliue ^-PhenyleDe-diamine 

382 , Benzene Azo-Dyes, — The azo-dyes are made almost 
exclusively by means of the diazonium interaction, the 
possibilities of which in this respect are very great. The net 
result of the interaction of benzenediazonium chloride with 
aniline is the introduction of the beazenediazo-radical in the 
para-position to the amino-group of the aniline ; the di^otised 
amine is said to be coupled with the second compound. 
CeHg.N'a.Cl + CeHg.NHa - C8H6.N2.QH4.NH2 + HCl. 

Coupling of Benzeaediazoniuin Chloride with Anilin e. 

Such coupling can be effected between practically any 
diazotised amine and any amirdc or phenolic compound, sub- 
ject oiily to the limitation that a para-position is free in the 
second molecule; the intervention of a diazoanilide is not 
e^ntial, and of ten impossible, as for example with dimethyl- 
janiline^^ Substituted anilines suchassulphanilie add are also 
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readily diazotised, so that sulphonated and other substituted 
azp-compounds can be made directly by this method. 

Meta'azO'Compounds, however, in which the azo>group is in the meta- 
position to the amino' or other radical, cannot be made by direct coupling, 
smd ortho-r^tj^compounds but rarely. 

By thus introducing more ajjaino-groups into the azobeuzene 
molecule, browner tints are obtained, whilst with alkylated 
amino-groups the colour is shifted towards the red end of the 
spectrum. 

Diamino-azobeazeae is made from the benzenediazoniumsalfandmeta- 
phenylene- diamine, whilst the triamino-compound is formed by the direct 
action of nitrous acid on the latter diamine, half being converted into the 
diazo-anilide, with which the other half then interacts. 

NH2.C6Hi.N:N.NH.C 6H4.NH3 -> NHa.C^Hi.NiN.CsHalNHala. 

Benzene-azo-m-phenylenediamine or chrysoidim, C^Hg-NiN. 
CgH3(NH2)2 (Witt, 1877), is a deep red, crystalline substance, 
which dyes silk and wool yellow, and cotton (mordanted with 
tannin) a dark yellow. m-Aminobenzene-azo-metaphenykne- 
diamine, NH2.CgH4.N:N.C6H3(NH2)2 (Caro, Griess, 1867)— 
Bismarck or Manchester brown — ^is a brown crystalline sub- 
stance, which dyes leather and mordanted cotton a dark 
brown. 

The alkylamino-azobenzenes are similarly formed by the 
direct ketion of diazonium salts on alkyl-anilines ; the forma- 
tion of an intermediate diazo-anilide is here impossible, as 
both amino-hydrogen atoms are replaced. The well-known 
indicator, methyl orange, is thus made from benzenediazonium- 
‘ ‘mlphonate and dimethylaniline. 

^ Sp3H.C6Hi.N:N.C8H4.NMe3 

Diazobenzene Dimethylaniline Dunethylamino-azobeozene- 
sulphonate sulpbcxiic add. 

The Bulphonate is made by diazotising sodium sulph anil ate, and after 
adding the solution of the amine hydrochloride, followed by a slight excess 
of alkali, the azo-compound can be precipitated with salt. 

Methyl orange or sodiurri ■p^dimethylaminohenzene-azohenzene- 
sulphonate, NMes.CeHi.NiNXeHi.SOaNa (Griess, 1877), is an 
orange, crystalline powder, which dissolves in water to a 
yellow solution; the free aoid '^ intensely red in colour. 

As a very mint^ amount of the sulphonic acid is perceptible in soluticai, 
and is practically decolorised by a corresponding trace of ^ali, methyl 
(^ahge f<]^3S a Valuable indicator in alkalimetry (Lunge, i378j ; it 
^pecisdiy weful as acid i$ a fairly strong add, and is not set fre? by 
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■ csffbcaiic or hydiosidphuric adds, nor as a rule by acid salts. Methyl 
orange is not used as a dye on account of this sensitiveness. 

The constitution of methyl orange is confirmed by its reduc- 
tion to sulphanilic acid and />-aminodimethylaniltae, when a 
solution of stannous chloride in h^rdrochloric ahi(W added to 
its hot concentrated solution; the sulphanilic acid. crystallises 
out, and the diamine is liberated from the residue with caustic 
soda, and extracted with ether. 

The constitution of all azo-compounds is determined by 
such reduction, which also indicates the method of formation ; 
chrysoidine thus yields aniline and dis-iriaminobemene. 

NMe 2 .CeH 4 .N;N.C 6 H 4 .S 03 Na 

■->NMe2.C6H4.NH2 + NHa.CgH^.SOaH , 
Determinatioii of the Constitution of an AzO'Dye. 


The hydroxy-azobenzenes or tropoeolines are made in the 
same way as the aminoazo-compounds ; the diazotised solution 
is slowly added to the cold, slightly alkaline solution of the 
phenol, and the product precipitated wth salt. ' 
Benzene-azo-phenol or hydroxy azobenzene y C6Hs.N:N,C6H4.0H 
(Griess, 1S76}, an orange, crystalline substance, which melts 
at 1 54®, is made by coupling diazotised aniline with phenol in 
alkaline solution ; it is also formed by the action of hot 
sulphuric acid on the isomeric azOxybenzene (§ 380). 

CgHg-NaCl -h CgHg.OH = C6H5.N:N.CgH4.0H + HCl. 


The dye-stuff fropceoUn 0 or chrysoin, a yellowish-red, crystalline sub- 
stance, which dyes silk and wool deep yellow (when acidified), is sodium 
resorcinol-azo-benzenesuiphonate CeH3(0H)2.N:N.CgH4.S03Na ; it is made 
by coupling diazotised sulphanilic acid with alkaline resorcinol, or by 
sulphonating the corresponding benzene-azo-resorcifwU made from diazo- 
tiscd aniline ; when reduced with tin and hydrochloric acid, it is resolved 
into aminoresorcinol and sulphanilic acid ; 


C.a,(OH)a + N,.C6H*.SOa-^C,Ha(OH)5.N:N.CeH4.SOaOH 

I ■ I 


CeH3(OH)a.NH3 + NH3 .CbH4.S03.0H-< 


most of their actions the azophenols undoubtedly^ as true 
pbenin^H^y behave with certain substituting agents as if they were 
deii^*l»#^ of quinwie-phenylhydrazone. When hydroxyazdbenzene is 
nitfatdd with dilute nitric acid, it is converted into befutme-axo’e^itto- 
pfcenoi, CsH5.N:N.CgH3(N02).0H, a yellow, crystalli^substanee, which 
iike-d-mtroph^ol, forms red alkali $aUs» With cond^trated nitro-sul- 
pburic add, CA the other hand, it yields NOj- 

the fonnation of wh^ must appareh^jpe pteoeded 

of 4 
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The first actiaa points to an azpphenolic structure, whilst the second 
would appear to necessitate a quinonoid structure (Hantzsch, 1899). 
C^Hs-NrN.CeHi.OH CaH,.NH.N:CeH*;0 

Beazeae'azo'ph^ol Quinone phenylhydraz<me 

These apparently contradictory conclusions are reconciled by a study 
of the bronttiation products of the hydroxyazo-compound. When the 
eliminated hydrogen bromide is allowed to accumulate, hromobenzene- 
azo-phenol is’fonned, whilst when it is removed by the addition of sodium 
acetate, benzene-azo-bromophenol is obtained. The pseudo, quinonoid 
behaviour of benzene-azo-phenol is therefore due to the presence of the 
mineral acid, the resulting quinquevalence of the nitrogen causing it to 
yield transitory ammonium bromides (cf. § 252), which behave in the 
same way as quinonoid products (Hewitt, 1900), 

C6H,.N:N.CaH4.0H. -> CgHs.NHBnN.C.H^. OH ^ C^H^Br.NiN.CeH^.OH 

■Benzene-azo.phenol Nitrogen bromide BrDniobenzene.azo-phenal 

383. Naphthalene Azo-Compounds. — Naphthalene forms azo- 
compounds of the same character as those of benzene, the 
azo-group in some cases being linked to two naphthyl radicals, 
and in others to a naphthyl and a benzenoid radical. 

On passing nitrous ^hydride into a-naphthylamine, the naphthalene- 
diazonium nitrite interacts with a further quantity of the base, just as 
with aniline, forming diazonaphthalene-naphthylamide, an unstable crystal- 
line substance resembling the corresponding benzene compound ; and when 
this is heated with naphthylamine, it is similarly transformed into amino- 
azonaphthalene or naphth^ene-azo-napbthylamine. 

NaphthcUene^aso-naphthylamine, CiQH7.N:N.C|oHg.NH2, is a brownish- 
red, crystalline substance ; its sulphonic acids t which are formed from the 
naphthylamine sulphonic acids, are used as dyes. 

Diazotised amines couple exceedingly easily with alkaline 
j3-naphthol, which can therefore be used as a test for diazonium 
compounds and diazotates; an immediate red or yellow pre- 
cipitate of an azo- compound is obtained if such be present, 

Roccellin or sodium p-naphthol-azo-naphihalenesulphonafet 
S 03 Na.Cjj^Ha.N:N.q^Hg.OH, which is formed by coupling 
diazotised naphthionic acid with ' ^-naphthol, is a red dye 
which, has largely supplanted natural cochineal; the mixed 
azo-compound, Orange II, made 

hy coupling jS-naphthol with diazotised sulphanilic acid, 
is a deep yellow dye. 

Pure red dyes are obtained by the action of alkylbenzene-diazonium 
Compounds on the naphthylamines and their derivatives ; the scarlet dye, 
“ Ponceau sR,” CgHaMea.NiN.CioHitSOaNala.OH,^ is thus made from 
zylenediazonimn jchloride and /S-naphtholsulphonic acid. Many such 
dye^4re manufactured, of all shades from brown to scarlet. 

884. B|3^io or ^etraio-Compoiinds. — The simple azo-dyes are 
fast only on nmdasiisd cotton, but mdre complex compounds 
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have been made which* dye vegetable fibres directly, and are 
therefore termed substantive dyes, as distinguished from 
the mordanted or adjective dyesj they all contain two 
azo-groups, and many of them are made from benzidine. 

When benzidine is diazotised, it forms a double diazonium* compound, 
diphenyl-bisdiazonium chloride, N •NCS.CgH^.CgH^.NCl • N, and this couples 
with phenols, etc., in the same way as the simple diazonium salts, hut with 
two molecules, instead of with one. The benzidine azo-dyes thus formed 
ace tenned Congo dyes, from their prototype, Congo red. 


Congo red. 


CQH^.N:N.C,tjH 5 {NH 2 ).S 03 Na 

CsH,.N:N.Ci,H,{NH 2 ).S 03 Na^ 


which is made 


by 


coupling diazotised benzidine with naphthionic . acid, is a 
scarlet powder, which dyes cotton a fast reddish brown; the 
free acid is blue, and the colour is thus apt to become dull on 
exposure to the atmosphere of towns, in which traces of sul- 
phuric acid are usu2illy present. 


As the tetrazo-acidis a strong acid, the colour of the sodium salt is not 
affected by weak organic acids, nor by acid salts ; Congo red paper forms 
therefore an excellent test for free mineral acid and for the relative strength 
of an organic acid (§ ii6}. 

Benzopurpufin, from tolidine (the toluene analogue of benzidine) and 
naphthylamine-sulphonic acid, dyes unmordanted cotton scarlet, whilst 
chrysamine, from benzidine and sodium salicylate, is a pure yellow dye. 


Bis azo-compounds of another class are obtained by coupling 
diazotised aminoazo-compounds with other aminic of phenolic 
substances ; the dyes thus formed with the numerous 
naphthol-sulphonic acids are known as crocelns. 

Bje 6 ricAscaWef,S 03 Na.CQH^.N:N.CeH 3 (S 03 Na).N:N.C^oHg.OH, 
a crystalline powder which dyes unmordanted cotton scarlet, is 
thus made from diazotised aniline- azo-benzenedisulplionic add 
and ^-naphthol ; the constitution of such products is deter- 
mined as before by reducing them with tin and hydrochloric 
acid (§ 382). 

. 886. Synopsis.— The azo-compounds contain in the group 
NrN, linked to benzene or naphthalene nuclei. They are. all 
Mghlyipoloured substances, and in comSination with acid or 
basic grpups form valuable dye-stuffs. 
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SECTION XVll 

HETERONUCLEAL COMPOUNDS 
CHAPTER LXTX 

PYRIDINE AND THE QUINOLINES 

886 . Quinoline. — In addition to the alkaloids of the pnrine 
group (§198) and the open-chain, animal alkaloids (§215), 
there are numerous vegetable bases which have well-marked 
physiological properties. These are the vegetable alkaloids \ 
they are for the most part derived from quinoline or pyridine, 
,:basic sutstances to which the alkaloidal oxidation products 
are very closely related (Ramsay, 1878). 

Quinoline is formed when quinine is distilled with i^tash 
(Gerhardt, 1842), and also occurs in coal-tar and bone-tar ; it 
was originally obtained from the latter. It is best made 
sjmthetically, from aniline and glycerol (Skraup, 1880). 

CfiHg.NHs -J- CgHgOj -|- O = C3H7N + 4H2O. 

Anilin e Glycerol Quinoline 

On mixing these two liquids with concentrated sulphuric acid and nitro- 
benzene, a vigorous action sets in, after which the mixture is boiled for 
some hours. The diluted product is next distilled with steam to remove 
any unchanged nitrobenzene, and after adding excess of caustic soda, the 
quinoline and excess of aniline are separated by the same process. 

The distilled bases having been disablv^ in dilute sulphuric acid, the 
solution is Wanned with sodium nitrite to convert any aniline into phenol 
(the quin(^e, being a tertiary amine, is unaffected), and on again adding 
exc^ d Mda, and distilling with steam, the qi^oline passes over alone. 

It jsSjBxtracted from the distillate with ether and redistilled (§ 249 )» diying 
being unnecessary on account of the high boUing-point. The nitrobenzene 
serves as an oxidising agents and is reduced to aniline ; it may be re- 
placed by ar^nic acid, > 

Quinoline^ CpH^N (Ruage, 1834), is a cojourl^, 
lOfractive liquid of anis^ odour, which boils at 237^ ^^^ 
at — 19®; it is slightly heavier thagi water, m which it 

- . 680 :' ■ 



387] pyridine and the Quinolines 521 

is only spamgly soluble; and has marked antiseptic proper- 
ties. Quinoline is slightly alkaline to moist litmus, and is a 
well-defined tertiary amine. - 
Its aminoid'character is stftwn by its forming additive salts with acids, 
such as the hydrochloride, CjH-^NjHCI ; and double metallic salts, such as 
the orange, crystalline platinichloride, (C9H7N, HClla.PtCh; it is a tertiary 
amine, for it is indifferent to nitrous acid (above), and combines addi* 
tively with alkyl halides, forming ammonium compounds <§214), such 
as the nuthiodide, CgHyN.CHjI, and the henzylockloride, 

, QuinoU^O is only partially resistant to oxMising agQjits, and 
when boiled with neutral permanganate solution for many 
hours is oxidised to quinoUnic acid (§ 393), which can be 
extracted from the acidified product with ether. 

S 87 . Pyridine, — When quinolinic acid is distilled with lime, 
it is resolved in the normal manner into carbon dioxide and 
pyridine, of which it is therefore a dicarboxylic acid. 

C9H7N->-C5H3N{COOH)2->CbH5N + 2 CO 2 , 

Quiaoline Quioolinic acid Pyridine 

Pyridine occurs in quantity in bone-tar, from the more volatile fractions 
of which it is extracted by shaking with dilute acid ; free ammonia is 
removed with acid magnesium phosphate. It is also present in coal-tar 
(§243)» and may be made synthetically from acctybne and hydrogen 
cyanide at a dull red heat (Ramsay, 1876) ; its presence in the coal and 
bone distillates may be due to this synthesis (cf. §§ 201, 243). 

2eaHa + HCN = C^HsN. 

pyridine, C^IIbN (Anderson, 1849), is a colourless liquid, 
which boils at 114®. and slowly turns brown in air; its odour 
is rank and unpleasant. Like quinoline, it is a well-defined, 
tertiary amine, and forms a similar hydrochloride, platino- 
chloride and meihiodide; it is a stronger base, however, and 
dissolves in water to a feebly alkaline solution ; and it is 
very stable towards oxidising agents. 

As the nucleal constituent of many^of the vegetable alka- 
loids, pyridine is a substance of considerable importance. 
Although a tertiary amine, and highly basic, it bears a striking 
resemblance to lienzcne, and yields substitutive rather than 
additive products. Chlorine attacks it with difficulty, and 
nitric acid d^tructively (compare § 293), but it readily yields 
ijdphonic acids, which are in turn convertible into phenols, 
nitriles and carhoxyiic acids (§393), analogous to the cor- 
Impending benzene derivatives; and it forms a hexahydro* 
compound when red^iced (§ 388 ; compare § 287). 

Ihb general analogy to benzene suggests that pyridine is a 
ting oompound of analogous constltation, and that its molecule 



52^ Organic Chemistry [ 3 S§ 

is derived from that of benzene by the substitution pf a nitrpgen« ' 
atomforainethine^up(Kdmer, 1869). ; 

. CH ■ ,.7 

a'ki,-A 

N 

Benzenoid Structure of Pyridmfl^ 

This formula is confirmed by the reduction of the base to, n-pentane 
and ammonia by hydriodic acid at 300® (Hofmann, 1883), and by a, syn- 
thesis (through its hexahydro-derivative) from pentamethylene dia^ne 
( § 388^. Its validity* like that of the benzene formula, is finally established 
by the isomerism of the substituted pyridines (§ 392). 

^ CH CHa 

€H^ CHj<T>CH CH^^CHa 

CH^ iCH,.NHa CH<i>fCH ChJ JcH, 

NH^ N im’a 

Pentamethylene Pyridine W-Pentane; 

dumiae ammonia 

388 . Piperidine,— -When alcoholic pyridine is digested with 
sodium, it is reduced to hexahydropyridine (Ladenburg, 1884), 
from which it is recovered by oxidation with concentrated 
sulphuric acid at 300°. 

Pj^dine Hei^Jiydropyridine 

Hexahydropyridine or piperidine, C^H^jN (Cahours, 1853), 
which was originally obtained by the hydrolysis of piperine, < 
the alkaloid of black pepper, is a colourless liquid, boiling at 
106® ; it has a pungent, ammoniacal odour, fumes with hydro- 
chloric acid, and dissolves freely in water, forming a strongly' 
alkaline solution,, 

Piperine or piperyl-piph^dine, is a pungent, crystaUine 

substance melting at 128“ ; when boiled with alcoholic potash it is hydro- 
lysed to piperidine and piperic acid,* from which it is reconstituted syn- 
thetic^y by the interactioa of the acid chloride with this base (compare 
§ 2^0). It is therefore the piperidine amide (rf piperic acid. 

CHa<o>CeH3.CH:CH.CH;CH.CG.N<^{j[^g^a)CHrf 

Piperine or piperyt-piperidine. 


* Ptpdfw acid, CH2025CgH3XH;CH.CH:CH.C00H, which melts at 217“* 
k a complex derivative of cinnamiciacid ; when fused with potash it yields 
protocatechuic, ox^c and acetic acids, and thie constitution thus indicated 
k confirmed by^a synthesis CH302:CflH3.CH:CHr 

rHQ .(firom piperoo 4 i § 310, and acetaldehyde), and sodiom s^jetateby the 
cipwnuc ** inetW (5 332J. 
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’^s .piperidine forms an oily nitroso-compound i^ 250), and a 
tertiary methyl denivative, it is a secondary amine, and is there- 
fore represented by a ring formula derived from that of hexa- 
hydrobenzene. This formula accords with its relation to 
pyridine ; it is confirmed by its sjmthesis by heating penta- 
methylene-diarnine hydrochloride (§21^; Ladenburg, 1885), 
its reduction by hydriodic acid to normal pentane and ammonia, 
and its resolution into pentamethylene dichloride and benzo- 
nitrile by phosphorus pentachloride. 

-r* CHa . CH2 CH 

CHj/'^CHj CHj.'^CHa CH<;^CH ' 

IcHj.N^ ChIq^CH 

•NHj.HCl ^ NH N 

Pentamethylene diamine Piperidine ; Pyridine 

hydrexitoride hexahydrop3nridine 

389 , Constitution of Quinoline. —The constitution of quinoline 
follows from its relation to benzene and pyridine.. As it is 
formed from benzene by means of ordinary agents and at low 
temperatures, the benzene nucleus is intact, as is proved 
independently by the oxidation of the additive benzylo- 
chloride (§ 386) to benzylanthraiiilic acid (cf. § 273) by per- 
manganate. 

' Quinqline as a Derivative oi Aniline. 

At the same time, it is so readily convertible into pyridine, 
that it must be a derivative of the latter. 

^ CbH 3N;C4H4 CBHgKfCOOHli 

Quinoline as a Derivative of Pyridine. 

These facts lead to the conclusion that quinoline is analogous 
to naphthalene in constitution (§ 372), and that its molecule 
consists of benzene and pyridine nuclei having two carbon 
atoms in common. It thus bears the same relation to naph- 
thalene as pyridine to benzene. 

(^) H H(7) 

(o) H 

Structural Formula of QvlinoHnB. 

The mechanism of the synthesis from aniline and glycerol 
Js now clear. Acrolm, formed by dehydration of the glycerol. 
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condenses with the aniline to acf(?/e?n-aw 7 ine (conf^pare § 276); 
and this is oxidised by th& nitrobenzene, the terminal atom 
of the chain uniting with the benzene ring (compare § 372). 


CHgtCH , CHaiCH ^ „ XH:CH 
C6HS.NH2 + CHO CeH5.N:CH * *^N ;CH 

Aniline Aarolein Actoleia-aniline Quinoline 


The above conclusion is confirmed by numerous other syntheses. When 
©•aminobenzaldehyde and acetaldehyde are shaken with dilute aqueous 
soda (5 309), they condense to o-aminocinnamaldehyde, C5H4(NH2)-CH; 
CH.CHO (I 333), which is in turn condensed to quinoline by further addi. 
tion of alkali (Friedl^der, 1882). o-Aminobenzylidene-acetonet obtained 
by reducing the direct nitration-product of benzylidene-acetone (§276), 
similarly condenses to a-methylquinoline (Drewsen, 1883). , 


C TT 

+ CH.,.CHO 
#>AininobeQ 2 ^deliyde Aldehyde 


‘XHiCH.CHO 

e-AEninociunaiualLiehyde Quinoline 


PH 

^ ‘ h:H:CH.C0.CH3 ® *^H:CH.CO.CHh 
^Kitrobeozylidene-acetone ^Aminobenzylidene-acetone 


,N :CMe 

cuMethylqultiolino 


Another 1 ynthesis of quinoline is eSected by means of o-aminohydro- 
cinnamic acid (§ 335) which is formed by reducing the orthonitro-acid 
with tin and hydrochloric acid. The free acid is unknown, the 
substance. obtained on extracting the product with ether being an internal 
anhydride or lactame, of the type of anthranil {§ 273). 

o-Aminohydrocinnamic lactame or hydrocarbostyril is a crystalline sub- 
stance, melting at 163“ ; when warmed with phosphorus pentachloride it 
is converted into dichloroquinoUne, a crystalline substance, which is 
reduced to the base when heated with hydriodic acid (Baeyer, 1879). 


XH..CH3 
rn ’ 


j . p tT r „ XH:CH 

*W.CO :CC1 :CH 

Hydrocarbostyril I>icbloroqtunoitne QuinoUae 


When quinoline is reduced with tin and hydrochloric acid i!?is converted 
mto tetrahydfoguinoline, an alkaline liquid which on further reduction 
with hydriodic acid yields a fully saturated dekahydrocompound, analogous 
to piperidine and hexahydrobenzene. DekahydroquinoUnef C9H17N 
(Bamberger, 1890), is a very soluble, crystalline solid, which melts at 4S^ 
and resembles conine in odour (§ 396) ; it is a powerful base (cf. § 371)* 
In these reductions, as in that of / 3 -napbthylamine (§372), the benzene 
ring is at first unaSected ^the tetrahydro-compound is thus a secondary 
alicy^ anune, analogous to piperidine. By reascming similar to that em- 
ploye^ with the tetrahydronaphthal«ie derivatives, it maybe inferred that 
the qmnoline nudeus only potentially includes the benz^ and pyridine 
nucld, and should be represented by a single ring with ten centric bonds 
^Bamberger, 1890 ; cf, §i 326, 356, 372). 


CH CH 

CHk^T^^CH 

CH^N 

Centric ypnaada of Quinoltoft. 



390 , 39 ^] Pyridine and the Quinolines 525 

390 . Isoijttinoltae,— As the nitrogen of the quinoline molecule 
is in the a-position of the naphthalene ring (§ 372), an iso- 
meric compound may be expected in which it occupies the 
jS-position; this compound is known in isoquinoline. 

CH:CH ' 

IsoquinoHne, (Hoogewerf, 1885), b a crys- 

talline substance, which melts at 33°, and boUs at 240°; with 
the exception of its behaviour on oxidation, it resembles its 
isomeride in almost every respect.- 

Isoquinoline is found with quinoline in coal'tar, and is separated from it 
by fractionally crystallising the mixed sulphates ; the quinoline salt is 
much the less soluble. Like quinoline it is oxidised by permanganate to 
a pyridine-dicarboxylic acid, ^^chomeronic acid (I393), a crystalline, 
substance isomeric with quinolinic acid ; but phthalic acid is also formed, ■ 
as the pyridine nucleus in isoquinoliue is not quite so stable as in quinoline. 

O COOH COOH|^ 

COOH COOHk^N 

PhthaTic acid Isoquiaolin^ CinchomcionLc acid ^ 


Isoquinoliue b obtained synthetically when komophthali-- 
mide, a crystalline homologue of phthalimide (§ 324), which b 
made from phthalide by the cyanide synthesis (cf. §34i),b 
treated successively with phosphorus oxychloride and hydriodic 
acid. 


_CH,.CO .CH:CC1^ 

XO .NH Wn 

Homopbthallmide Dicblc^isogumoiiDe 


CeH/ 


£H:CH 


Isoquinoliw 


It is also produced by heating benzylidene’aminoacetaU CgH5,CH:N.CH2. 
CH(OEt}2 (from bemialdehyde and aminoacetal, 1 218}, with concentrated 
sulphuric add ; and it results by a molecular transformation when cb- 
namadoxim,, CeH6.CH:CH.CH;N.OH (§ 332), is warmed with phosphorus 
pentoxide (compare §272). 

CH{OEt),.CHa CHO.CH„ ^ ^ „ ,CH:CH C«H5.CH:CH.CH 

CtH5 .CH;N CbHj.CILN OH.N 

BeBaylidena Beuzylidcne Isoqumoliae nwinmaM/wrim. 

asainoacetaidehydfl 


891 , Synopsb.— Pyridine, the nucleal constituent of many of 
the vegetable alkaloids, b a tertiary aminoid compound, the 
structural formula of which b formed from that of benzene 
by replacing a methine group by nitrogen. Qu^line and 
isoquinoline art siimlarly related to naphthalenoi 
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a-aminocinnamaldehyde 

crystalline 

(from t^-aminobenzaldeUyde 
and acetald^Y<^^ 


q.utnollne 

colourless liquid, 
pleasant odour ; 
tertiary amine (237*) 


quinolinic acia 
crystalline [190“] 



pentamethylene 

dlchbride 


NH 

piperidine 

colourless alkaline liquid 
(106*) 

secondary amine 


N 

pyridine 

colourless liquid, 
rank odour (114°) 
tertiary amine 



^CHg. CO p ocig, HI ^ 

Ico.Sh 




KMaQi 


COOHt- 


II coohI^n 

isoquinolifu ciltchomerofdc 

' 


crystallisable 
i»f\ (240*) 





CHAPTER LXX 


DERIVATIVES OF PVRIDINE AND QUIJ^OLINS 

S 92 . The Methyl-Pyridines. — The isomerism of the siibstitu- 
tioh products of pyridine resembles that of the' benzene deri- 
vatives of the next higher prder, the positions aa^ ^^."and y 
being differently situated with regard to the nitrogen atom; 
there are three classes of monosubstitution products and six 
classes of disubstitution-products, 

( 7 ) 

CH 

N 

Position Isopierism of Pyridine Derivatives ■ 

The mono-, di- and tri-methylpyridines, which are kno^vn 
respectively as the picolineSy lutidines, and collidines, are 
liquids resembling pyridine; some of them are present in 
bone-tar, but they are mostly made in other ways. 

€L‘PicoUne, C5H4N.CH3(a), a liquid boiling at 129°, is formed by heating 
pyridine methiodide (compare Methylaniline, ^ 250). ^-Picoline, which 
boils at 142°, can be isolated from bone-tar, and is also formed when 
strychninb is distilled ; it is made synthetically by dehydrating acrolein- 
aEtoionia with zinc chloride, or glycerol and acetamide with phosphorus 
pentoxide. y-PicoUne, a liquid boiling at 145 ”, is formed with the tf -com- 
pound in the isoiperisation of pyridine methiodide. 

^ymmelriQal collidine^ C6H2Me3N(s), a liquid which resembles 
pyridine, and. boils at 172*^, is readily synthesised from ethyl 
acetoacetate ^nd aldehyde ammonia (Hantzsch, 1882). This 
synthesis, like that of quinoline from aminobenzaldehyde 
and acetaldehyde, is quite general; aldehyde-ammonia con- 
denses with practically any jS-ketonic ester, and. aromatic 
^minoraldehydes condense with any ketonic or aldehydie com- 
pound containing the atomic grouping CO.CH2. 

above C(^pounds oemdense, with evolution, of heat, forming 
^dfocfi^i^ine-diCQfhoxyltaey CsHjMeaNCGOOEtlj^ia crystalline Myrfro- 

.627 * 
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pyHdint derivative, vdiich is readily oxidised by ni^os anbyddde in cold 
aicohd to the cOTrespOading pyridine oompound. 

Ethyl (x>Uidine*d'>tarboxyl<i^t C6Me3N{COOEt)3, a Uqttid boiling at 309“, 
is convertible by the usual hydrolysis Into the corresponding 
suU, from which collidine is obtain^ by distillati(»i with lime. 


Aktebyile amaoiua Etb^ aoetoaceta^ (a mals.) EUiiyldihydrocol&lme-dicaiboxjrtata 


CH, 

CHs< >«< 
CH, 

«4»Wdme 


'^®<C<COOEt):CMe/" 

Ethyl collidine-dicartraxylat* 




The methylpyridines resemble the methylbenzenes la their 
beha^our with oxidising agents, bnt are somewhat more 
resistant ; they are not attacked by nitric or chromic acids, 
but are readily oxidised by permanganate to the corresponding 
pyridine«carboxylic acids, from which pyridine itself is ob< 
tained by distillation with lime. 

398. Pyridine and Piperidine Suhstitution Products. — The three 
P)nidiae-monocarboxylic acids are crystalline substances, 
which usually obtained as oxidation products of alkyl- 
pyridines or their derivatives ; they are readily identified by 
their behaviour when heated. These acids resemble the 
aminobenzoic acids in general behaviour, and form salts both 
with metals and acids; they cannot of course be diazotised. 


PicoHnic acidt CjsH4N.COOH(a), which is framied by the oxidation of 
a-picolinc, melts at 135*, and then loses carbon dioxide; K— O' 0003. 
Nicotinic *bT pyridine-^’Carboxylic acidy which is . made by oxidising 
jS-picoline and nicotine ($397), and also by direct synthesis from pyridine, 
melts at 229% K— 0*00144 Isonicoiinic add, Ci5H4N.COOH(7). which is 
formed by oxidising y-picoline, sublimes when heated undi^ ordinary 
{sessuie, but melts at 309** when heated in a closed tube ; K— o'ooxx. 

The S 3 mthe&is of nicotinic acid from pyridine is exactly 
parallel to that of benzoic add from benzene. When pyridine 
is heated with concentrated sulphuric add, it is sulphot^ed 
to pyridine-fi^sulphonic the &od(um sedi of vriiich is cun- 
vei^ into the corresponding ^cyamp^dim by distillation 
wHh' poiassium cyanide. This cyano-compound is Identical 
yindh nuxftinoniirUe, and yields nicotinic add yrhen b|^rolysed. 



’ n^HydfoxyMcoiime acid i$ fcHmed by ihs action d ammonia, at the 
wdma^y tenqjeratUEre^ m coumalinic Q^ 03 .OD 0 ti, a hmt<mic acic 
whiob k 4blained |)y the action of c^c^trat^ sutpht^ acid on 
t »h oiidatiQa ptfljtacW p-hydroxywfyiktt^ intemoa»t 
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synthesis is of mterest, as indicating the lines on which pyridine compounds 
may be formed naturally in the living plant-cell {compare also I407). 

CHOJ/iCH-CO.OH \ n rTT-r“^^'^^\NTT 

COOH. COOH COOH 

I^Hjrdroxyacryllc acid Coninaliuic acid (MiydToxynicotinic acid 

(a mols.) (kctoaic fonu) 

The six pyridine -dicarboxylic acids, the isomerism of which 
resembles that of the bromoxylenes, are crystalline substances 
resembling the’monocarboxylic acids, into which they are con- 
verted by distillation with a single equivalent of lime. 

Quinolinic or pyridine-ap~dicarboxylic acid, is a crystalline 
substance melting at 190®, K=0‘3; cinckomeronic acii?, the 
corresponding acid, melts at 259°, K=o-2i. 

The orientation of these acids follows from their formation 
from quinoline and isoquinoline, whilst that of the mono- 
carboxylic acids (and connected mono-substitution products) 
is deduced from the genetic relations of the two sets of acids. 
The juxtaposition of the carboxyl groups is also shown by their 
conversion into anhydrides by acetic anhydride (cf. §342). 

COOH 

O CO0H ^^COOH 
COOH 

a/3 /3 /37 

Quinolinic acid Nicotinic acid Clnchomerontc add 

By distilling the dicarboxylic acids with a single equivalent of lime, (X 
even by heating them alone, they are converted into the mondfcarboxylic 
acids, in the same way as phthalic acid into benzoic acid. Quinolinic acid 
yields only nicotinic acid, whilst cinchomeronic acid yields both nico- 
tinic and isonicotinic adds. The nicotinic carboxyl is thus common to 
both dicarboxylic adds, or in the j9-position ; the isonicotinic carboxyl 
is thoreiore in the 7 -position, and that of picolinic acid in the a-positiom 

The synthetic drug a-eticaine, the aqueous solution of whieh 
is employed as a local anaesthetic in place of cocaine (§ 398) 
is derived from piperidine-y-carboxylic {hexakydroiso^icotinic) 
acid. The related drug, p-eucahie, whish has very similar 
properties, and is much more easily prepared, is the hydro-^ 
chloride or lactate oi ybenzoxy4fimethylpiperiditie. ■ 

a-Eiicalne. ^-Eucabie. 

The euc^e bases are made synthetically from acetone. When acetone 
is saturated wlMi jpaseot» ammonia,, it is dowly converted into diauto»» 
a Jft^^ smmooiaical Uquidi whidi may alu be ^epated by the 

MM 
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<iirect action of ammonia on mesityl oxide (§ 107). This base condense^ 
with aldehyde (i.e. the sparingly soluble acid oxalate with alcoholic par 
aldehyde) forming y-keto^meihylpiperidine, a deliquescent, crystaUisable 
uasic substance, which yields the corresponding secondary alcohol when 
reduced with sodium amalgam. 

y-Hydfoxyirimethylpipertdine is a basic substance which is resolvablp 
into two stereoisomeric forms {§ 326) ; the trans-modification is a stable, 
crystalline substance, the benzoate of which is the base of |8-eucalne. 


-r./CH2.CMe«.NH, 
^^HsfCHO.CHal 
DiacetonamiDe [Aldehyde] 


Ketotrimethylpiperidine HydroTytrimethylpiperidIne 


a-Eucaine is obtained by a somewhat more complicated process from 
triacelonamine or ketotetramethylpiperidine, a crystalline, basic substance, 
which is made by digesting phorone (§ 107) with aqueous ammonia. This 
is converted by the cyanhydrin synthesis (compare § 165) into a hydroxy- 
carboxylic acid, the methyl ester of which is converted into the eucaine base 
by successive metbylation and benzoylation. 


CMe”;CT>“ ^ -> NH<™'-CH.>C(OH).COOH 

[Ammonia] Phorone Triacetonruniiie Hydroxytetraniethylpiperidine 

carboxylic acid 

Many other substitution products of pyridine have been 
prepared, such as the chloropyridines, and the hydroxy- 
pyridines or pyridine-phenols. jS-Hydroxypyridine, C^H^N.OH, 
is a crystalline, phenolic substance, which is formed from 
the sodium / 3 -sulphonate, in the same way as phenol from the 
benzene-sulphonate. 


Pyridine cannot be nitrated, and the aminopyridines have therefore to 
be made mdirectly { § 397). Dihydroxypyridine, however, is directly con- 
vertible into a nitro-compound resembling the nitrophenols ; the cor- 
responding trihydroxy-compound is a powerful reducing agent (cf. § 305). 

394 . Derivatives and Analogues of Quinoline. — Quinoline can 
be chlorinated, sulphonated and nitrated, and on account of 
the complete asymmetry” of its molecule, the isomerism of its 
substitution products is very complex; there are no fewer than 
seven mono-substitution products of each kind. 

Cinclu>ninic or quinoUne-y-carhoxylic acid (| 400) is a crystalline sub- 
stance; which is formed by the oxidation of cinchonine, and is resolved into 
carbon dioxide and quinoline by distillation with lime. 

Some of the methyl quinolines can be formed synthetically. 
Qutndldine or a-methylquinoline, a liquid resembling quinoline, 
and boiling at 246®, is formed by condensing o-aminobenz- 
.aldejhyde with acetone (compare § 389). When oxidised with 
p^pnnganate it yields quinoline-carboxylic acid, whilst with 
nitric acid acetaminobenwlc acid is formed ({ 389)* 
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,CHO CHa ^ „ CH:CH COOH 

CO.CH,'^ :C.CH3 ^“*<NH.Ac 

ff./^ rri ^Ti oheiizaldehyde Acetone Quinaldine Aoetylanthranilic acid 

Other quinoline substitution products can also be formed 53nithetically. 
Carbostyril or a-kydroxyquinoUne, a white crystalline substance melting 
at 199% i* formed by reducing o-nitrocinnamic acid (§333) wifh tin and 
hydrochloric acid ; the amino-group , of the aminocinnamic acid at once 
condenses with its carboxyl. 


CsHiQnjCH.CXWH ‘ 

fr-Nitrocjnnamic acid 


C H 

^«"AcH:CH.COOH 

o-AinLtiocinnamic acid 


,N :C(OH) 

Carbostyril 


The glycerol synthesis is very generally applicable, and 
most ring amino-compounds, provided that an ortho- 
position to the amino-group is unoccupied, condense in the 
same way as aniline. Naphthylamine and anthrainine thus 
form with glycerol naphthoquinoline and anthraquinoline, 
which are analogous to quinoline in their actions. 

The first substance prepared in this way was the dye alizarin blue, 
{diJiydroxy-anthraquinolinequinonc), from amino-alizarin {Prud’homme, 
1877) ; it was the close resemblance of this compound to quinoline 
derivatives which suggested the quinoline synthesis. 

The mpUhoqmnolineSt CisHgNr are crystalline substances, which bear 
exactly the same relation to phenanthrene as quinoline to naphthalene ; 
one of the methine groups of a terminal ring is replaced by a tertiary 
nitrogen atom. They form tetrahydro-compounds analogous to the riaph. 
thylamines, and ar- and ^c-octohydro'-compounds analogous to the reduced 
naphthylamines (§372)* 


The antipyretic, hairine ( 0 . Fischer, 1883), a crj^stalline 
phenolic derivative of tetrahydroquinoline (§ 389), is made 
by direct syhthesis, and affords an excellent example of the 
numerous applications of the glycerol- aniline method. 


The hydroxy quinoline obtained from o-hydroxyaniline {o- 
aminophenol, § 294) is reduced to the corresponding tetra- 
hydro-compoundy the tertiary amino-group thus becoixing 
secondary (§ 388) j this secondary amine is then heated with 
methyl iodide, yielding a tertiary amine, 'N-methyl-teirahydro- 
hydroxy quinoline y of which kairine is the hydrochloride. 


a..*®*®:*® 


OH OH*' OH OH Me 
^Amino- 8-Hydroxy- Tetra- Kairine baa* 
pbenot quinolioo hydro- 
hydroxy- 
qi^olio*^ 
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Many ring compounds have been synthesised analogous lo 
quinoline and p 3 nidine, and others have also been madCj in 
which two or more of the msthine groups of benzene or naph- 
thalene are replaced by nitrogen. 

Acridine, H4, a chromogenic base, which is jweseiit in 

P JT 

exude anthracene, and phenanthridine, bear a relation to an- 

C6H4.N 

thracene and phenanthrene somewhat similar to that of quinoline to 
naphthalene (compare Naphthoquinoline, above). Acridine yields 
acridinie or quinol^-d^'dicarboxylic acid when oxidised, and is made 
synthetically by dehydrating fomtodiphenylamide, H.CO.NPhj (from 
diphenylamine and formic acid), with zinc chloride. 

Pip^axine, is formed by the interaction of 

ethylene dibromide and ethylene diamin e ; the related ditertiary amine, 
pyrazine, N is a similar crystalline compoundv 

395. Synopsis. — P 3 nidine and quinoline form substitution 
products, alkyl derivatives, and reduction products, which 
resemble those of benzene and naphthalene in constitution, 
but owing to the presence of the nitrogen differ from them in 
isomerism and general properties. 



CHAPTER LXXI 


the vegetable alkaloids: CONINE and the TROPINE AND 
CINCHONA GROUPS 

396. Gonine. — Most of the , vegetable alkaloids are derived 
from pyridine or analogous cycloid bases; some are free from 
oxygen, and these are usually liquid, but the majority of them 
contain this element. One of the simplest of the volatile, non- 
oxygenated alkaloids is conme,-the poison of hemlock. 

The alkaloid is present as a salt of ca§elc [dihydroxycinnamic) acid, and 
is obtained by dis tilling the seed with potash. The yield is improved 
by extracting the seed with dilute acetic acid, and decomposing the 
solution of the acetate with magnesia ; the base is then extracted with ether, 
and purified by distillation und^ reduced pressure. 

Conine or d-a-propy>lpipendine, CgH^QN.CH^.CH.jCHg 
(Giesecke, 1827), is a light, colourless, soluble oil, of rank and 
penetrating odour; it boils at 167°, freezes at —3'*, and is 
dextrogyrate, [0]^ = +15^. It is a secondary amine, resembling 
piperidine, and a strong base, its solution being alkaline. 

It forms a crystalline, additive hydrochloride and piatinichloride, and, as 
a secondary amine, a yellow oily nitroso-compound, and a tertiary methyl 
derivative. like piperidine it is reduced by hydriodic acid to ammonia 
ai^d a normal paraffin, n-octane. 

When conine is boiled with aqueous permanganate it is 
oxidised to picolinic acid (§ 393); and this, coupled with its 
general resemblance to piperidine, and the fact that it yields 
M'Oetane when destructively reduced, indicates that it is a-pro- 
pylpiperidine. The correctness of the inference is proved by 
synthesis (Ladenburg, 1886) — the first synti^sis of a natural 
alkaloid. 

H CH, CH, 

^<Q^C,C00H^CH,1 lcaCHa.CHa.CH 3 CH»l IcH 3 .CH 3 .CH,X^ 

Hf NH 

add rwfa. 


••Octana 
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When the a-picoline, which is formed by the isomerisation of pyridine 
methiodide (§ 392), is heated with paraldehyde at 260°, it condenses to a- 
aUylpyridine, a liquid which resembles the alkyl-pyridines ; and on 
boiling this base with sodium in alcohol it is reduced to a-propylpiperi- 
dine, which is identical with imctive canine. 

Synthetic a-propylpiperidine, like all synthetic compounds {§ I 4 i)> is 
optically inactive, but on fractionally crystallising its acid tartrate, the 
less soluble crystals consist of d-conine hydrogen tartrate, and on distillation 
with potash yield d-conine, identical with the natural base. 



pyridine methiodide a-PkoUne 

ch»<ch“:ch">nh ^ CH<™ - 


CH2XH2.CH3 CHiCH.CH, 

Coiiine a- AUylpyridine 

397. Nicotine. — The volatile alkaloid nicotine is obtained by 
distilling with lime the aqueous infusion of tobacco leaves, in 
which the base is present as the malate. 

Nicotine is also formed by distilling tobacco alone,. and thus accumulates 
in an impure form in the stems of tobacco pipes ; good tobacco contains 
less nicotine than the commoner varieties. It is purified by conversion 
into its crystalline hydrochloride, from which it is liberated by concen- 
trated. soda; it is then extracted with ether, and fractionated under low 
pressure, in an atmosphere of hydrogen.- 


, Nicotine or l-pyridyl-methylpyryolidine^ CgH^N,C^H^:NMe 
(Posselt, 1828), is a colourless liquid of very rank and un- 
pleasant' odour; it boils at 247°, and is strongly laevog)T:ate, 
162°. Although it resembles conine in odour, and in 
its instability in air, it is a ditertiary base, and is. akin to 
pyridine rather than piperidine in its chemical actions. 

A study of its, oxidation products leads to the conclusion 
that it is the j8-pyridyl derivative of a saturated cycloid base, 
.W-methylpyrroUdine (§ 407), and the correctness of this infer- 
ence is again verified by^synthesis (Pictet, 1903). 

CH 



Nicotioe as PyridylmethylpyrrolidiiM. 


Nicotine is oxidised by chromic acid to nicotinic acid (f 393), whilst by 
the gentlei' oxidising action of aqueous bromine and baryta, methylamine 
and malonic acid are ^Iso-obtained. ^ On reduction with sodium in alcohol 
ridds a which is now completely saturated. 

Tiew m embodied by the ra^onai formula 

iwlddh represents zuco^e as a pyridyl d^vative of a satura^d friary 
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amme, C4Hg:NMe. This compound, from its composition, is necessarily 
cycloid- in constitution ; and the oxidation to methylamine and malonic 
add (the fowtb carbon atom remaining attached to the pyridine ring) 
suggests the presence of a five-membered or pyrrolidine ring (§407) ana- 
logous to that of methylpiperidine (§ 388). This is coninned by 
synthesis. The pyridyl nucleus is necessarily next the methylunino- 
group, or malonic add could not be formed. 


Py.CH 


/Kitle 


► Py.COOH + 


COOH. 

NHsMe 


CHa 

COOH 


t^idyl-metisylpymilidino Pfridine-carboxyUc Maloiiic ad4^ 
acid 

Methylamine 


^•AminoPyridinetVfhv^ is made by the actiMiof alkaline hypobromite 
on nicotinamide (cf. §2ia), condenses with pyromucic acid (§ 406), form- 
ing tH-pyridyUpyrrole (cf. §407), a basic liquid, which is transformed 
by heat into the isomeric C^pyridyl-pyrrole (cf. a-Picoline, § 392). 
This last compound is converted by methylation (see Phthalimide, § 324) 
into C-pyridyl-^-metJiylpyrrole, which is identical with nicotyrine, a basic 
liquid formed by oxidising nicotine with moist silver oxide. 


Py.NHa + 0< 


rCH;CH 


^ ,CH .CH 


^NMe.CH 


:CH 
COOH 

jS'pyridylEunine Pyromucic iV-Pyridylpyrrole C-I^dylpyrrole Nicotyiiaa 
acid 


By alternate treatment with halogens and reducing agents, nicotyrine 
is reduced to racemic nicotine^ the laevo-constituent of which, isolated in 
the same way as d-coninc.is identical with natural nicotine (Pictet, 1903). 
Nicotyrine and the pyridyl-pyrroles give the characteristic pyrrole colours 
with pine-wood and hydrochloric acid (§ 407), but nicotine, being a reduced 
pyrrole derivative, does not do so. 

CH 


.CH 

^NMe.CH 


ch' ' 




COOH XHa 
iSraMejCOOB 


Nicotyrine 
l^yuthetic product) 


Nicotinic and malonic acidi 
and methylamine 


Pilocarpiney a strongly dextrogyrate, liquid 

alkaloid obtain^ from jaborandi, and its crystalline 
stereoisomeride, pilocarpidiney into which it is converted by 
distillation, are lactonic derivatives of methylglyoxaline 
(§ 408), a base allied to pyrrole (Jowett, *1902).^ 

Structural Formula of Pilocarpioe. 

398 . The Tropine Alkaloids : Cocaine. — ^The crystalline alkaloids 
fall naturally into several distinct classes, according to their 
and derivation. Atropine, hyoscyamine and cocaine, are 
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derive from tropine, a somewhat complex derivative of 
pyrrolidine, piperidine, and cycloheptane, 

.Atrc^ine, the poison of the deadly nightshade, fe not present as such 
in the plant, but is formed by the action of acids or alkalies on a stereo- 
isomeric alkaloid, hyoscyamine (compare Tropine, below) ; the expressed 
juice is simply made alkaline with potash, and the crude atropine ex* 
traded with ether and purified by crystallising its sulphate. 

(Geiger, 1830) is a' crystalline, optically 
inactive, pollbnous base. It is hydrolysed by baryta water 
to i-tropic (a~phenylhydracrylic) acid, and a simpler base, 
tropine (below), and is reproduced from these components by 
^eating with dilute hydrochloric acid ; it is therefore tropine 
i-tropate, and is termed a tropeine (I^denburg, 1879). 

CHsOH.CHPh.CO.O.CfiHuN CHgOH.CHPh.COOH + CfHi^N.OH 

Atropine (Tropic tropeine) Tropic add Tropine 

Analogous tropeines can be made similarly from tropine with other 
acids ; homatropine, which is the next homologue of atropine, and closely 
resembles it in properties, although not nearly as poisonous, is phenylgly- 
collie tropeine \ both compounds are used in ophthalmic surgery. 

Tropine, CgH^gMO, which is a crystalline, optically active 
substance melting at 62°, is a saturated tertiary amine; it 
is also a secondary alcohol, for it is converted by gentle 
oxidation into tropinone, CgH^gNO, a ketonio compound from 
which it is recoverable by the usual reduction. Tropinone is 
further reducible to a cycloid amine, iropane, ; it is 

therefore ketotropane, and tropine is hydroxytropane or iropanol. 

A study of the chemical relations of tropinone leads to the 
conclusion that tropane is a saturated, bridged-ring com- 
pound (§ 342) derived from cycloheptane (cf. §288), the bridge 
consisting of a methylimino-group, 

CH3 — CHg 

CH^ NMe ^CH 

XHg.CHg.CHg^ 

Tfopane. 

*Tropimne, COKCH2)2:C4HfliNMe, Is a volatile, aystalline, optically 
inactive substance, melting at 42®. It is a saturated tertiary, aimne, and 
as it forms a diberizylidene derivative, its molecrde contains the group 
CH 2.(X).CH2 ( 1 341 ). Tro/-a«<!,CH2i(CH2)2:C4H<,;NMe, which is a basic 
liquid boiling at 167“, is. obtain^ by reducing tropinone with zinc and 
Ihydriodic acid; when further oxidised, it is converted fnto^ a racemic 
llliba^^ acid, i-iropii^c dtid, COOaCH*.(COOH)G4He:NMe. ’^ 

^ these O^puads, like t«^e, form additive are 

terd«y amines, but unlike pyridine they are wot. jfidocible by 


CHg- 

CHf - N Me ACH 

XH2.CHOH.CH/ 
Tropiiie (bydioxytn^paiie). 
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sodium in amyl alcohol (§388), and hence are saturated (tropine is con- 
verted into a stereoisomeride, ^-tfopine)* The clue to their inner con- 
stitution is obtained by the formation of dimethylamine, formic acid 
and w-adipic acid, when dimethyl iropinaie methiodide is fused with 
potash ; this shows that the tropioic acid molecule contains an NMe- 
group (the methiodide of which gives the dimethylamine), associated 
with a normal six-carbon chain. 

If this group and chain form an JV-methylpyrroh'dine ring (§397) as 
below, both the stability and optical asymmetry of tropinic acid, and 
the saturated character of tropane and tropine are explained (cf. § 342). 

I 1 

COOH.C%.CH.CH2.CH2,CH.COOH CH2.CH.CH2.CH2.CH.CHj 

I NMe ! L_NMe 

Tnqitnic Add and Tropinone as Derivatives of MMethylpyrrolidiue. 

These' formuhe also show that tropine and its congeners are derived 
from jV-methyipyridine and cycloheptane, as well as from ^-methyl- 
pyrrolidine ; they have been confirmed by the synthesis of tropine from 
the cycloid ketone (§287) of suberic acid {Willstatter, 1901). 

CH2.CH .CHa CHa.CH .CHa CHaXH.COOMe 

j NMeCHOH | NMe CO j NMe^I 

CH^.CH.CHa CHa.CH.CHa CHa.CH.CHa.COOMe 

Tropine and ip-T ropine Tropinone Dimethyl tropinate methiodide 

f , 

CH2.CH2.CHa CHa.CH .CHa CH2.COOH I H.COOH 

j CO j NMeCHa j iNHMea 

CHa.CHa.CH, CHa.CH. CHa CH2.CHa.CH2.COOH 

Suberone Tropane »>Adipic acid, formic acid 

and dimethylamine 

The well-known drug, cocaine, is found in coca ^ves, and 
after precipitating tannin, etc., with basic lead acetate is 
extracted from their alkaline infusion with ether. 

l-Cocaine, (Niemann, i860), which is a laevo- 

gyrate, crysfalUne substance, melting at 98°, has marked basic 
properties and forms well-defined crystcdline salts. 

It is hydrolysed by alkalies to methyl alcohol and henzoyl- 
eegonine, a cr5rstalline amino-acid, of which it is thus the 
methyl ester) and benzoyl-ecgonine is further hydrolysable to 
benasoic acid and an alcoholic amino -compound, eegonine, of 
which it is thus the henzoyl-derivcUive* 

Coemne can be rewmstituted from f-eegonine by benzoylation and 
methylation, and is manufactured in this maimer, as several similar 
alkaimds of little therapeutical value yield l-ecgonine when hydrolysed* 
Coeafne hy^whloride is used in dental and ophthalmic surgery for deaden- 
ing pain, as it has the p^er of . paralysing superficial nerves ; it has the 
same effect on the coats of the s^Dumac^, and is sometimes used to deaden 
hunger; imi it » an active poison* 
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■^•Ec^oniney Cg^ifiNO.COOH, which is a very soluble, .crystalline sub* 
stance, melting at 205”, is iropine-carboxylic acid ; it yields tropiuone when 
gently oxidised, and its racemic modification is formed synthetically by 
reducing the unsaturated acid obtained by the action of carbon dioxide 
on sodium tropinone (compare §§ 308, 107 — Sodium Acetone). 

The racemic cocaine made from synthetic eCgonine (Will- 
statter, 1901) is identical with the natural alkaloid, except in 
optical activity, and cocaine is therefore methyl lavdbenzoyU 
tropine^carboxylate (compare Eucaine, § 393). 

CH2.CH .CH.COOMe 

j NMe CH.O.CO.C6H5 

CHa.CH .CH^ 

Structural Formula of Cocamo. 


399 . The Cinchona Alkaloids. — Perhaps the most important 
of the vegetable alkaloids is quinine, which, together with 
cinchonine and other related bases, such as quinidine and 
cinchonidine, is found in cinchona bark, combined with tannin 
and quinic acid (§ 311). 

The associated alkaloids are extracted from the finely-divided bark 
with dilute sulphuric acid, and precipitated with soda ; the mixture of 
sulphates, obtained by neutralising the alcoholic solution with dilute 
sulphuric acid, being fractionally crystallised from wata:. Quinine sul- 
phate is the least soluble, and therefore crystallises first, whilst cinchonme 
sulphate is next in order, and separates from the mothrar-Iiquor ; the 
bases are then precipitated from the sulphates by ammonia, and crystal- 
lised from alcohol. 


. Quinine, (^2^2^ P2 (Pelletier, 1820), forms colourless, silky 
crystals, and melts when anhydrous at 1 7 3 ® j it is strongly laevo- 
gyrate, [a]^ = — 1 64®. The. base is insoluble in water, but soluble 
in alcohol, ether and dilute acids, fonning intensely bitter solu- 
tif^s ; dilute solutions of the sulphate show a fine blue fluor- 
escence. The sulphate, and monohydrochloride are used medi- 
cin^y as antipyretics. 

Quinine is readily identified by means of the coloured oxidation products, 
which it yields with chlorine and ammonia ; with chlorine or bromine 
water followed by ammonia, a green precipitate is formed, which dissolves 
in excess of ammonia to a clear, dark-green solution, whilst if potassium 
fesTocyanide is added before the ammonia, but after the halogen, a crimson 
coloration, is obtained. 


Cinchonine, (Pelletier, 1820), which is a silky, 

crystalline substance melting at 250°, is less bitter than 
quinine, and of little value medicinally. It is strongly dextro- 
Wd “ + ^Iphate is not -fluorescent, and it 

uot gitfe (x>lour Inactions with chlorine* 
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The only characteristic salt of cinchonine is the which is 

very sparingly soluble, and is hence precipitated in small crystals on adding 
potassium ferrocyanide to a strong solution of the alkaloid ; cindtoniae 
may be detected, however, in the absence of better ^characterised bases, by 
means of the general alkaloid tests. 

All alkaloids, and most aminoid compounds, are characterised by forming 
certain insoluble compounds, from which they are set free by caustic or 
carbonated alkaUes. The phosphomolyb^es are buff or yellowish powders, 
which are precipitated by adding sodium phosphomolybdate to the neutral 
solutions ; the mercuriodides are similarly precipitated, by a solution of 
mercuric iodide in potassium iodide ; and brown periodides are precipitated 
by a solution of iodine in potassium iodide. The mercuriodide test (Mayer) 
is very sensitive. 

400. Constitution ol Quinine and Cinchonine. — As quinine forms 
two classes of salts, it is a di-acid base, and as these salts are 
additive, and it forms a platinicklmde containing a single 
equivalent of the base (§ 59 ), it is. a diamine ; further, as 
it is converted successively into a methiodide and dimethiodid& 
when heated with methyl iodide, it is a tertiary diamine. 
The same applies to cinchonine, and the two alkaloids 
are therefore represented by tiie following formulae. 

NiCaoH^AiN 

Quinine. Cinchonine, 

Both quinine and cinchonine yield crystalline monaceiyl 
derivatives when boiled with acetic anhydride, so that their 
molecules contain alkylic hydroxyl, and the quinine molecule 
contains in addition a methoxyl group, for when the 
base is boiled with concentrated hydriodic acid, a single 
equivalent of methyl iodide is obtained (see below). 

N:(OMe)CigH2o(OH)iN NiCiAilOHllN 

Quinine. Cinchonine. 

As cinchonine yields quinoline when distilled with lime, 
quinine under the same conditions yields fneihoxy quinoline, 
the above results may be summarised in the following partial 
formulae. 

CH^O.CAN.CiAlOHliN CflHgN.CioHgjOHlIN. 

Quinine. Cinchonine. 

The second main group is linked with the y-carbon of the 
quinoline molecule, for on. oxidising cinchonine and quinine 
witii nitric acid, cinchoninic or quinoline-y-carboxylic acid 
lS‘394)j and the corresponding inethoxy-acid, are formed; the 
y^position of the carboxyl in both these acids follows frona 
dieir convertibility into cinchomeronic acid (§ 393 ). 

This second group is probably constituted somewhat simi* 
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larly ta troj^e, and cinchonine may be provisionally repre- 
sented by theloUowing formula. 



N 

Probable Stniotuial Fonnula of Cindumine. 

(TIm quii^e molecule contains in addition a methoxyl-group in the quinoline benzene nucleus.) 


Phenolic methoxyl groups are hydrdysed quantitatively by boiling 
hydriodic acid, and as the resulting methyl iodide is in turn converted 
quantitativelil^into silver iodide by alcoholic silver nitrate, the percentage 
of methoxyl in the substance, and thus the number of methoxyl groups 
in the molecule is readily determined (Zeisel, 1886). 

M(OCHj)i + xHI = M{OH)x + *CH,I -> xAgl, . 

In the simplest modification of this process (Perkin, sen., 1903), the sub* 
stance is boiled gently with distilled hydilodic acid (b. p. 126°) in a long* 
necked distilling-flask, through which a stream of carbon dioxide is passe-' 
throughout the operation. Th^ flask is heated in a glycerine bath, and the 
delivery tube is tilted upward, to serve as a reflux condenser for the 
small amount of steam which escapes from the boiling acid. 

The methyl iodide vapour, which is carried on by the carbon dioxide is 
collected ina Volhaid trap (§1x4), containing a strong solution of silver 
nitrate in somewhat diluted sdcohol ; and the precipitated silver iodide is 
collected and weighed. 

When vanillin (| 310) was treated in this manner, the following result 
was obtained. 

esa? Bfram vanilliu gave o’sog gram Agl. 

The percentage of methoxyl, one methoxyl group (—31) being el im inated 
for each molecule of silver iodide {— a35)» was therefore 


ass X 0-329 

which agrees exactly with the percentage required by the formula 


OMe.CeH:,(OH).CHO 


401. Synopsis. — The vegetable alkaloids, such as conine and 
quinine, are complex aminoid compounds derived from pyri- 
dine and allied cycloid bases. Those which do not contain 
oxygen are u^ally liquid, whilst the others are colourless, 
crystalline solids. 



SYNTHESIS OF CONINE. 

CHs.CHa.OHa.CH2,CH2.CHa.CHa.CH 


The Vegetable Alkaloids 


541 


401] 




CHAPTER LXXII 

THE VEGETABLE ALKALOIDS : NUX VOMICA AND OPIUM 

402 . The J^x Vomica Alkaloids. — ^The poisonous character of 
the nux vomica bean is due to the presence of two quinoline 
alkaloids, strychnine and brucine, which may be extracted by 
boiling the powdered beans with dilute alcohol. 

The accompanying tannin having been precipitated with lead acetate, 
the mixed bases are precipitated with magnesia, and fractionally crystal- 
lised from aL I'l'tol ; the strychnine, which is much the less soluble, separates 
hrst, whilst the brucine remains in the mother liquor. 

The bruciuj mother-liquor is evaporated to dryness with acetic acid 
(the strychnine acetate being thus dissociated) ; on extracting the residue 
with water the brucine salt alone dissolves, and the base is precipitated 
with ammonia. 

Strychnine, C21H22N2O2 (Pelletier, 1810), is a Isevogyrate, 
crystalline substance, melting at 268®; its solutions are ex- 
tremely bitter, but in very dilute form are used as tonics. 
Brucine, C2^H2^j(0Me)2N20jj +4H2O (Pelletier, 1812), is also 
Jaevogyrate, and melts when anhydrous at 178®. Both alka- 
loids are characterised by brilliant colour reactions. 

When a' fragment of a strychnine salt is dissolved in a few drops of 
concentrated sulphuric acid {wanned, if necessary), and a crystal of potas- 
sium dichromate is drawn through the cold solution, a dark violet oxidation 
product is formed, w^ch gradually changes to red and yellow. 

Similarly brucine is converted by concentrated nitric acid into an 
orange-red colouring ’matter^ which is changed to violet by cold stannous 
chloride, provided that nitrous acid has previously been expelled by boiling- 

Strychnine and brucine are tertiary monamine^ as they 
jorax only one class of salt, and combine additively with a 
single .equivalent of methyl iodide; the second nitrogen atoms 
are not in aminoid combination, but are probably present in 
lactimino-form (§ 338). Brucine is a dimethoxy-compound 
(§ 400), and when fused with potash yields methylpyridines 
and tetrahydroquinoline; strychnine is oxidised by nitric 
acid to picric acid, and a derivative of dihydroqninolina 
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Beyond the fact that they are both tertiary qainoline deriva- 
tives little is yet known of their inner constitution, and they 
can only be represented by the following partial formulae. 

CO^ , CO 

^ ^C2oH 220;N ^ ^C2oil2o(OMe)20; N 

Stryflbnine, Brucine. 

The extremely toxic character of these and other alkaloids 
often renders their detection necessary in presence of relatively 
large quantities of foreign organic matter, such as the con- 
tents of a stomach. For this purpose a method has been 
devised (Stas, 1852 ) which is applicable to pmctically all 
allcaloids. 

The mass is acidified with tartaric acid and strained, and the fluid shaken 
with ether to dissolve out fat, and other objectionable matter. The acid 
solution is then made alkaline with sodium carbonate, and the liberated 
alkaloid extracted with ether-chloroform or amyl alcohol. 

The filtered extract is evaporated at a low temperature, and examined, 
first by the general tests (§399), and then, if an alkaloid be present, by 
special tests such as the above ; any ptomaines (§215) which may have 
been formed by the decomposition of the proteid matter, will of course be 
found in the final product. 

403. The Opium Alkaloids ; Morphine and Codeine.— The nar- 
cotic properties of opiun>» the dried sap of green poppy capsules, 
ai^ mainly due to morphine, which is associated ^vith other 
alkaloids, such as codeine, papaverine, and narcotine. 

The morphine in opium preparations, such as laudanum, is always 
associated with meconic acid, 2 l pyrone derivative (§ 409) which is recog- 
nised by the intense, purple-red colour of its ferric compound, even 
in presence of dilute hydrochloric acid. 

To isolate the alkaloid, opium infusion is boiled with milk of hme, in 
which the morphine alone is soluble, and the filtered solution is saturated 
with ammonium chloride ; the lime is thus converted into calcium chloride, 
and the morphine, deprived of its solvent, is slowly precipitated. The dry 
'precipitate is reaystallised from amyl alcohol. 

Morphine, (Serturner, 1817 ), is a crystalline, 

strongly laevogyrate base, which is much less hitter than most 
of the alkaloids. The silky crystalline hydrochloride is used 
in medicine; when injected beneath the skin in small doses it 
acts as a stimulant, whilst in .somewhat larger doses it is nar- 
Gotic; in still largei^ amounts it is poisonous. 

Morphine differs markedly from the. other common alkaloids. 
It is a tertiary monamine, but although alkaline in alcoholic 
solution, it is soluble in caustic alkalies, like the aminophenols ; 
and the .phenolic character thus indicated is borne out by its 
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conversion into a blue ferric compound, and into ^ meihoxy- 
compound by interaction with methyl iodide in alkaline solu- 
tion. 

Like the aminophenols also, it is very readily oxidised, and 
thus reduces cold silver solutions, and liberates iodine from 
iodic acid; its benzenoid relation is further evidenced by its 
oxidation to picric acid by nitric acid, and^ protocatechuic 
acid by fusion with potash. . 

Morphine is derived from a trihydroxy-telrahydrophenan- 
thramine, NHj.C^4HiQ(OH)g (Knorr, 1899 et seq.), and is prob- 
ably represented by the following structural formula ; codeine 
being the corresponding phenolic methyl ether. A synthetic 
naphthalene derivative of analogous constitution has been 
made, having very similar properties (compare Tetrahydro- 
;ff-naphthylamine, §§ 372). 


OH H 

H H N/ H 



Probable Structural FcHinuIa of Morphine. 

The alkaloid forms an additive methiodide, and as it yirids a diacetyl 
compound, and under special conditions a triacetyl compound, two of the 
oxygen atoms are hydroxylic, whilst the third is probably ethereal. The 
second hydroxyl group is alcoholic, for the methoxy-compound, codeine. 
15 no lor%er phenolic in character. 

The clue to its inner constitution is given by the large yield of phen* 
anthrene (5 378), which is obtained when it is distilled with zinc-dust. The 
relation to this hydrocarbon is established by the converaion of methyl-^ 
morphine (codeine) 'methiodide into melhoxyphenanthfol acetate, OMe. 
C14H3.OAC, and dimethylvinylamine, CH^iCH.NMeg, when it is heated 
suco^vely with potash and acetic anhydride; and is conhrmed by 
many similar resolutions. 

OH H 
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CodeirUf or methylmorphine, OMe.CjyHjyNO.OH, . which is 
made by methylating morphine in alkaline solution, is a crys- 
talline substance melting at 150°; it occurs, naturally in opium, 
and may be extracted from the lime precipitate obtained in 
the isolation of moTphine. Physiologically it is much less 
active, and chemically much more stable. 

The increased stability is due to the protection of the phenolic group, 
Cod^e is insoluWfe in alkalies, indiSerent to ferric chloride, and ias little 
or no reducing power ; and when boiled with hydriodic acid it is recon- 
verted into morphine. UeroXw or diac^tylmorphine, Ci7Hi7NO{OAc)2, on 
the other band r^embles morphine physiologically, and is less stable 
than coddbie, owing to the easy hydrol3reis of the acetyl groups. 

404. The Oplam Alkaloids; Papaverine and Nareotine.— The 

constitution of papaverine and narcotine has also been fully 
investigated, with the result of proving these alkaloids to be 
isoquinoline derivatives. 

Papaverine^ (Merck, 1848), is a crystalline sub- 

stance melting at 147®, which occurs with narcotine in the 
lime precipitate. Its constitution as dimethoxybenzyl-dimetkoxy- 
isoquinoline is represented by the following formula (Gold- 
schmiedt, 1888). Nareotine^ C22H23NOy, which melts at iy6\ 
is yery similarly constituted, the nucleus being identical, 

CO.O Me H2 

OMe<CI>CHs > OUU >CH.H 
OMe OMe CZ> 

OMe OMe CHjOj 

Stniotucal FanmUa of Papaverine and Narootine. 

Papaverine Is a tertiary monamine ; it forms only one class of salts, 
and combines additively with one equivalent of methyl iodide ; and as its 
molecule contains four methoxyl groups (§ 400), its formula may be written 
provisionally as C^HelOCHg^lN. 

When cautiously oxidised with aqueous penndnganate, it is converted 
into a lactonic comj^und, papaveraldinct which shows that its molecule 
contains a methylene group in a position favourable to oxidation (§ 354) ; by 
the further action of the' same agent, various degradation products are 
obtained, the most important of which are difnethoxyphthalic acid and 
pyridine^apy^iricarhoxylic ocitL 

-^COrCioHsfOCHs)* I C,HaN ^ (COOHl^C^HaN 

Fapaveraldine Pyri<%ietricarboxyUc acid 

When fused with potash, papaveraldine is resolved hydrolytically into 
vcratricldimetiijdproiocatcchmc) add (cf. § 310) and dimethoxyisoquiwlinef 
so that its molecule contains the nuclei of these compounds. This leads 
directly to the ccmclusion fhatrifis a^tramethyi derivative of benzyliso- 
quindine, in tiie qidhsdileof whudi (as ity^ pyridine-o^-tricarboxylio 

■ N N 
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acid when further oxidised) the benzyl group is linked to the carbon atom, 
between the nitrogen and the benzene ring (see above)* 

C6H3(0Me)3.C0.C9H4(0Me),N + H^O - C6H3(OMe)a.CX)pir + C^HstCaHeJaN. 

Papaveraldina Ventrlc add DimethoxyisbquiooUne 

The portion of the methoxyl groups in the isoquinoline part of the mole* 
cule follows from the. occurrence of a dimethoxyphthalic acid,i^ongst the 
products of the permanganate oxidation, ilf ctahmipinw acidr CeH2(OMe)2 
(C00H)2» is a dibasic acid, and as it forms an anhydridet-ih^ carboxyl 
groups are adjacent, and it is a derivative of phthalic acid. Its molecule 
contains two methoxyl groups (§400), and as it is converted into proto- 
catechuic acid (§310) when fused with potash, these methoxyl groups 
are adjacent. It is therefore either i:2:3:4 or i:z:4:5*dimethoxyphthaUc 
acid; as, however, it forms only one rnonomethyl ester, it must be the 
gymmetiical or i:2:4:5-acid (compare Camphoric Acid, § 342). 

. OMe OH ^ 

OMe'\COOH OhA 
iJcOOH IJcOOH 

in:3:4-Acid Frotocatechuic acid i:2:4:2-'Acid 



When narcotine is reduced with zinc and hydrochloric add, it is resolved 
into a lactonic compound, meconin, and a simple’' base, hydrocoiatnine, 
so that it is meconin-hydrocotarnine, Meconin Is dimethoxyphthalide 
{§324), whilst hydrocotamine is the methoxy-methyleneoxy-derivative of 
^-methyl-UfrahydroisoquinGline. 

The reduced pyridine ring of narcotine and hydrocotamine is broken 
by mild oxidation, with the result of forming cotarnine, which has been 
proved to be the corresponding alkyloxy- derivative of (a^metkylamino-o- 
etkylbenmldehyde. It is interesting to note that the broken ring can be 
reconstituted by gentle reduction (compare Aminocinnamaldehyde, § 389), 
the cotamine being reconverted into hydrocotamine. 


CH2O3 

OMe 


>C,H< 


CHa.CHa 

CHa-NMe 




Mydrocotamine Cotamine 

405. Synopsis. — Strychnine and brucine are quinoline deri- 
vatives; morphine and codeine are derivatives of tetrahydro- 


phenanthrene, and papaverine and narcotine of benzyliso- 
quinoline. 
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CHAFfER LXXIII 

THE THIOPHENE-PYRROLE AND OTHER HKTERONUCLEAL 
GROUPS 

406. Thiophene : Furiurane.— Commercial benzene from coal- 
tar invariably gives a blue coloration, when shaken with con- 
centrated sulphuric acid containing a little isatin (or phenau- 
thraquinone), but pure benzene from benzoic acid does not do 
ki; and commercial benzene ceases to do so after it has been 
shaken repeatedly with small quantities of the acid. 

The formation of this blue colouring matter, indophenint is 
due to the presence of a cycloid sulphur compound, thiophene, 
which is veiy readily sulfiionated. 

As thiophene is formed by passing coal-gas over redact pyrites, it is 
probably synthesised in this manner from the pyrites, in the coal from 
which the aromatic hydrocarbons are prepared (compare 5 243} ; it may 
be isolated from its sulphonic acid (compare § 247), obtained in the above 
manner from commercial benzene ; and it may also be inade synthetic- 
ally by distilling a mixture of sodium succinate and phosphorus trisul' 
phide, or of mucic acid {§ 183) and barium sulphide. 

An analogous selenophene has bsen made having very rimilar properties. 

Thiophene, C4H4S (V, Meyer, 1883), is a colourless liquid, 
which lx)ils at 84^, and resembles benzene in a most remarkable 
manner. Not only is it physically like benzene, but it forms 
a parallel series of derivatives which are scau:cely distinguish- 
able froiri the corresponding benzene derivatives,. 

u-Brom^hioph^ boils at 150®, bromobenzene at 155®. When boileti 
with aiG^thyl iodide and sodium, it is converted into methylthiopiienc or 
ikiotoU^ & liquid resembling toluene, but boiling at 113®, instead of at 
111®. This is oxidised by chromic acid mixture to a4hiophent-carboxyli£ 
ac$d^^ substance which resembks benzoic add, and boils at 260®, as against 
250® fbut K— 0*0254) » the same add is obtmned|||f oxidising 
a crystalline stibstwce whidi resembles acetb^^one^ and is for^ 
similarly from acetyl ch^de and thiophene in preswce of alunumuiu 

Tbe jraripus snhstituting agents, however^ act laudi more readily c® 
ibaa,n^ bduene, the ev^konip is formed, even iu (hi 

' ’-j siS ‘ ' 
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cold, with such energy that the thiophene must be diluted with benzene^ 
Similarly in making nitrothiophene.Jihe thiophene is best led into the acid 
in the form of vapour. The dinitro-compound is coloured red by caustic 
alkali, and its presence may thus often be detected in m-dinitrobenzene. 
Atninothiophenc differs from aniline in that it does not form diazonium^ 
Cotnpounds, but it couples with diazonium salts, forming an azo-dye. 

On account of its similarity to benzene, thiophene must be 
regarded as a ring compound, the molecule of which consists of 
a five-carbon benzenoid ring, in which a methylene group is 
replaced by a bivalent sulphur atom ; this view is also borne 
out by its synthesis from succinic acid. 

*CH:CH CH.CH 

Thiophene. 

The oxygen analogue of thiophene is known as furfurane, 
its aldehyde being Obtained when bran {furfur) is distilled 
with dilute sulphuric acid. 

This aldehyde is formed quantatitively when xylose, arabinose, and 
other pentoses (§188) are distilled with hydrochloric acid; it is present in 
crude pyroligneous acid (§29), and in new bread; and its bromometkyl* 
derivative is formed by digesting fructose or cellulose with hydrogen 
bromide in ether. * 

* C.HioO^ » CH4O3+3H2O. 

Pentose Furfured 

Furfural^ C4H3O.CHO (Fownes, 1845) is a colourless liquid 
of pleasant odour, boiling at 162°. It closely resembles the 
aromatic aldehydes ; forms a crystalline oxime, phenylhydra-. 
zone and bisulphite compound \ reduces silver, and is reduced 
by sodium amalgam; and is converted by caustic alkalies 
into the corresponding alcohol and acid. 

The resemblance to benzaldehyde extends even to forming a green 
‘ ■ fmldchite " dye with dimethylaniline, and a “ cinnamic acid with sodium 
acetate and acetic anhydride ; but it is distinguished from benzaldehyde 
by yielding an intensely red compound with aniline salts. 

Furfuryl alcohol, C4H3O.CH2OH, which corresponds with benzyl alcohol, 
and is prepared by the action of caustic soda on the aldehyde, is a syrup 
which is coloured green by hydrochloric acid ; it is also formed by the 
actioHiOf caustic soda on arabitol (§ 188). 

The acid which corresponds with furfural, and is formed by 
oxidising it with silver oxide, or, together with its alcohol, by 
the action of caustic alkali on the aldehyde, was originally 
obtained by distillihg mucic acid (§ 183). 

Fyromucic oczVZj G4H3O.COOH (Scheele, 1780), is a crystalline 
substance wluch melts at 132°, and sublimes at about the same 
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temperature; K=o-07O7. It is distinctly less bemzgiToid 
than the aldehyde. 

Although it forms metallic salts ^ and is convertible into a chloride^ 
amide and nitrile in the same way as an aromatic acid, pyromucic 
acid combines addi lively with bromine vapour, forming a teirabromide, 
C4H3Br40.C00H, which is oxidised to dibromosuccinic acid by chromic 
acid; it also decolorises cold alkaline permanganate, and behaves 
generally as an unsaturated compound. 

The mother substance of this group, furfurane, occurs with 
its aldehyde in the more volatile portions of wood tar, and is 
‘ obtained when pyromucic acid is distilled with lime. 

C4H3O.COOH = C4H4O + COj. 

P)Tomucic acid Furfurane 

Furfuranet C 4 H 4 O (Limpricht, 1873), which is a colourless 
volatile liquid of characteristic odour, boils at 32^, and is 
only sparingly soluble in water ; it is a very stable substance. 

Hydrogen is not displaced from it by sodium, so that it is neither 
an acid nor an alcohol, and it does not form an oxime or hydra^one, so 
that it is not a ketone or aldehyde. The oxygen is therefore ethei e il ; 
«S is confirmed by its synthesis (by an ethereal condensation), when 
succinaldehyde {§§ 150, 407) is heated with.water. 

From the stability of its nucleus it must be concluded that 
furfurane is a ring compound analogous to thiophene, in the 
molecule of which the sulphur is replaced by an oxygen atom ; 
in furfural and its derivatives the active group is therefore 
attached to the adjacent carbon atom. 


>0 


■CH:CH CH.CH CH:CH. 

I >0 or II I >0 I 

CH:CH CH.CH CH:C.CHO 

Furfurane. FiirfuraL 

The close relation, between furfural and the pentoses is connected with 
the g^ucosidic structure (§ 181) of the latter ; these sugars Tnay in fact he 
regard^ as derivatives of tetrahydrofurfurane, their conversion into 
fur^ptal being analogous to that of glycerol into acrolein (5 132). 

OH.CH— CH.OH CH— CH CH— CH 

OH.CH CH.CH^OH CH C.CHO CH*Br.C C-CHO 


O 

Pentosidc. 


O 

Furfural 


M^BrofflomethytfurfunL 

Various furfurane derivatives can be made by direct syn- 
the^. aa-Dimethylfurfurane^ (CH;CMe)3:0, an insoluble 
liquid which boils at 93®, and resembles furfurane in pro^f- 
ties, is ma^ by distilling acetonylacetone * with zinc chloride, 

Me, CHa.CO.CHa.CHj.CO.CHj, which is a soluble liquid 
made by boiling ethyl diacetosuccinaie, CGOEt^CHAc. 
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an4 is reconverted jinto this y-diketone by hydrolysis witli 
dilute hydrochloric acid at 270®. 

The furfurane compounds give a colour reaction resembling that of 
thiophen^ a violet colour being formed when a:^ember of this group is 
add^ to concentrated sulphuric acid, containing a little isatin or phenan- 
thraquinone. Further, when a pine shaving moistened with concentrated 
hydrochloric acid is held in the vapour of a furfurane derivative, a green 
colour is developed. 

407. Pyrrole and Pyrrolidine : Indole.— The nitrogen analogue 
of thiophene and furfurane is present in bone-tar oil and may 
also be made synthetically — as by heating ammonium mucate. 

The pyridine bases having been removed by shaking with acid, 
and the fatty nitriles hydrolysed by boiling with alkali, the pyrrole is 
separated from the 125“ fraction by boiling with solid caustic potash, 
which converts it into a solid potassium derivative ; the base is liberated 
from this by boiling with excess of water. 

Pyrrole. C4H4:NH (Runge, 1834), is a light colourless liquid, 
which boils at 131°, and resembles chloroform in odour; it 
soon turns brown in air, and is resinihed by concentrated acids. 
Like thiophene and furfurane, it forms a dark blue product 
with isatin or anthraquinone and sulphuric acid, but it is 
especially distinguished by the fiery red colour (Trnppos) which 
its vapour imparts to a pine shaving moistened with hy- 
drochloric acid; all pyrrole derivatives give some such colour. 

Pyrrole is formed in quantity when succinimide is heated 
\vith zinc dust, and its constitution follows from this and 
amilar relations. 


CH=GH CH.CH, 


CH==CH^ 


Pyrrole. 


Pyrrole is but a feeble, base, and dissolves only slowly ip dilute acids, 
and although one of its hydrogen atoms is displaceable by metallic potas- 
sium or potash, it is not affected by sodium ; on warming its solution in 
dilute acid, an amorphous red colouring matter is precipitately and 
ammonia is eliminated. ^ 

Like thiophene and furfurane^ it forms various substitution products, 
the halogen derivatives being obtained with especial ease, as by the action 
of iodine and alkali. TetriodoPyrrolet C4I4NH, a deep yellow orystalline 
substance melting at 140®, is used as an antiseptic {“iodolc”)»instead*of 
iodofoijn ; it is equally efiScient, but devoid of odour. 

When pyrrole is reduced with zinc dust and acetic acid, it is con- 
verted into pyrroUnet CiH^N, a soluble, alkaline liquid boiling at 90®, 


CHAc.CO.OEt, with dilute soda j and this in turn is (Stained by the 
action of iodine on ethyl sodacetoacetate ($ 144). . 
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wliich c^den^ with hydroxylamiae, f coining sucdualdoxime 150). 

PyrroUne in turn may be stiU further reduced by hydriodic and 
phosphorus at a high temperature, to pyrrolidine ot UtramethyUne-imine, 
C4H8;NH, which is a highly basic liquid, boiling at 88®. Pyrrolidine 
resembles piperidine in odour, and is formed synthetically In a similar 
manner by distilling tetramethylenediamine hydrochlcaide (5 aiS) ; its N» 
mdhyl'derivative (§ 397), obtained by direct methylation, is similar. 

CHa — CH CHa — CHa 

<^2 CH CH2 CH, CH, CH, 

N/ S/ N/ 

NH NH NMe 

Pynoline: Pyrrolidiae. J^^Methylpyrro^dkl«. 

Pyrrolidine-carboxylic acid is an important product of the 
hydrolysis of casetn, albumen, gliadin, and other proteins 
(§§ 222, <224); the product thus obtained is laevogyrate, but is 
accompanied by the racemised modification. 

l-Pyrroltdine-2-carboxylic acid or proline^ ^OH 

(Fischer, 1901), is a' sweetish, slightly acid, crystalline sub- 
stance, which melts at 205°; [uJd = — 77°. As the acid 
radical of this substance occurs frequently in natural and 
synthetic polypeptides (§223), it is conveniently termed the 
prolyll^f.e. pyrrolidine-carbonyl) radical (Fischer). 

The racemic acid is also made synthetically by the action of ammonia 
on ethyl a^-ddtromopropylmalomte, which is obtained by brominating the 
corresponding monobromo-estery fomaed by the action of trimethylene 
bromide (§ 288) with ethyl sodiomalonate ; the pyrrolidine-dicarboxyU 
amide thus produced is converted into the monocarboxylic acid by add 
hydrolysis (carboxyl being eliminated). 

.CH^Br ^ .CH2.NH XH,.NH 

^"“X;H,.CBr(COOEt), ^ ^ “X:H,.d{CONHJ, ' "“^HamCOOH 

EthyJ a5-<1ibroinopropyl- Pyrrolidine- PyrrdKdinfr^carboxylic 

iiialonate dicnrbosylanude acid 

In connection with these pyrrolic protein derivatives, it is a s^ificant 
fact that the pyrrole nucleus occurs in some of the vegetable idkaloids 
(§5 397> 398), and bearing in mind the intimate connection between five* ^ 
membered and six-mambered cyclic compounds (S2|^), It seems not 
improbable that the pyrrole and pyridine alkaloids aie formed natur- 
ally by the degradation of vegetable proteins (Pictet, 1903)* 

Like the benzene and pyridin^ rings, the tbfophene, fur- 
furane and pyrrole rings may form part of condensed-ring 
nudei, analogous to those of naphthalene and quinoline. 

C^4;C2HjO, the benzene-furfurane compound (cf. fedole), 
is a liquid (Kp. 169*), whilst thionaphthene^ CflH^iCaHaS, the benzene- 
thiophene derivative, is a (^stalline solid, resembling naphthalene. 

, The most important of these compounds is the benzene- 
pyrrole derivative, indole, which is the motte-substauce 
of the indige group S 53^)» ^ essential coni^tuent 
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of protdns (§222). It is obtained by distilling indigo or 
isatin^th zinc-dust; indoxyl (§ 338)13 iS-hydroxyindole. 

— CH 
CH 


U 

IndoxyL 


. CH 
NH 


0^ 


NH 
Indole. 


CH'CH 

Indole, CgH/ ^ ■> (Baeyer, 1869) is a crystalline sub- 


stance> wluch melts at^ 52°, and resembles a-naphthylamine 
in odour; lae pyrrole, 'it imparts a red colour to a pine 
shading moistened with alcoholic hydrochloric acid. Indole 
is feebly basic, and is resinified by acids, but it forms a 
miYoso-compQuni, 

p-Methylindole or shatole, which is a simila r crystalline sub- 
stance melting at 95°, has a pronounced faecal odour, and 
occurs in faeces, from the bacterial decomposition of proteins. 

Skatole is also formed by fusing proteins with potash, and is easily 
prepared synthetically by heating propaldehyde-phenylhydrazone (§ 86) 
with zinc chloride. Indolc-a-carboxylic acid is obtained similally from 
pyroracemic phenylhydrazoue (§ 13^), and the a^-dicarboxylic acid from 
the ^-xylylhydrazone. ap-Dimethylindole, obtained by heating the latter, 
IS also fomied by condensing pyrrole with acetonylacetone (§ 406). 

C 8 H 5 .NH.N;CH.CH 3 Me -{-NH3 

Fropyliduie-phenylhyarazoae Skatole 


The various indole derivatives obtained by the putrefaction 
or hydrolytic decomposition of proteins proceed from the 
degradation of mdole-aminopropionic acid, to which the vari- 
ous protein colour-reactions (§ 222) are also to be attributed. 

This compound is most rgadily obtained by fermenting casein with 
'■ypstn, the enzyme of the pancreas, and is separated from the accompany, 
ng cystine tj^ine (§§330, 335) by fractional predpUation with 
i^cunc sulphate ffl^acid solution. It has also been isolated from egg- 
albmnen, and from ^iadith the protein of wheat. 

Indole-amtnopropionic adtUor tryptophane^ 


NH<^^*>C.CH 2 .CHNH 2 .C 00 H 
(Hopkins, 1901), which is a soluble, acid, crystalline sub- 

~ “■ 33°. forms an inteifee purple 
glyoxylic aeid, in presence of splphuric acid (§ i2i\ 
^ f^^^ristic rose-red with bromine water ; it is coti- 
verM into skatole by fusion with potash, and into indMe 
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The benzene-pyrrole compound analogous to anthracene, occurs •vrith 
that hydrocarbon in coal-tar, from which it may be isolated by means of 
its potassium derivative, in the same way as pyrrole from bone-oil. 

Carbazole, CeH4^NH:C0H4, is a feebly basic, oTstalline substance, whici 
melts at 238“, and boils stably at 352® j it may be made synthetically by 
heating diphenylamine to redness. 

408. The Azoles. — ^Many compounds have been synthesised 
in which the methine groups of the pyrrole and allied rings are 
replaced by nitrogen ; they are termed azoles. 


Such rings are usually formed by condensing amino-compounds With 
aldehydes or ketones : but although the number of such considerations is 
very large, few as yet are of other than theoretical interest. 

Pyratole^ which is the dinitrogen analogue of pyrrole, 

CH™CH 

is a crystalline substance, formed by condensing epichlorhydrin with 
hydrazine hydrate ; it is feebly basic, and forms a silver compound 
analogous to potassipm-pyrrole. The well-known drug, antipyrine, is 
the phenyidimethyl derivative of a related ketone, pyrazolone. 


Phenyl- dimethyl-pyrazolone ("‘antipyrine”) is made syn- 
thetical, by the successive action of phenylbydrazine and 
methyl iodide on ethyl acetoacetate, 


CH3 

CiN.NHPh 

CHa 

COOEt 

Ethyl acetoacetate 
phenylhydrazone 


CH3 

-> C:N.NPh 

CHa I 
CO J 

Phenylmethyl 

pyrazolone 


The ketonic ester condenses with the hydrazine, probably forming a 
hydrazone in the normal manner 5 but the imino-group of the latter at 
once interacts with the ester group at the other end of the chain, 
and an amino-compound is formed with elimination of alcohol, as in the 
formation of acetamide from ethyl acetate. The product is of course a 
ring compound, as the interacting groups are attached to the same chain. 


On heating the crystalline phenylmethyl pyrazolone with 
methyl iodide and methyl alcohol, at 100®, it is at once con- 
verted into antipyrine. the molecule at the same time under- 
going a slight rearrangement. 


CMe^tN ^ CMe.NMe^^^^ 

CHj.CO^^'^^CH .CO 
Fbenyln^tbylpyrazolone PbenyldimethylpyrazoIoDe 

Phenyldimethylpyrazolone, (Knorr, i833)» 

a colourless, crystalline sul^stincc melting at 114 ^; if is freely 
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soluble in water and alcohol, and is used as aii antipyretic, 
. This synthetic haloid is a powerful monacid base, and 
generally resembles the pyridine alkaloids. 

Lysidine or methylpyrazoline, a crystalline substance 

melting at 105”, is formed by heating ethylene -diamine hydrochloride 
(§315) with sodium acetate ; it is used in medicine by reason of the 
solubility of its urate. 

Triazole, • ' )NH, which is an almost neutral substance melting at 
NtCH 

131 ", is made by condensing formamide with Jormyl-hydradne 

Teirazole, which melts at 156", is made by eliminating 

the amino^group from its amino-derivative, which is formed by the pro- 
tracted action of nitrous acid on guanidine- diazonium nitrate (§§ zaff, 258), 


Glyoxaline or iminoazole, ^ (Debus, 1856), a 

crystalhne substance melting at 90®, is formed by the action 
of ammonia on glyoxal, preferably in presence of formalde- 
hyde; it is a moderately strong secondary amine, and forms 
stable salts, ^-Methylglyoxaline, formed by direct interaction 
with methyl iodide, is a crystallisable liquid boiling at 199®, 

Histidine, the principal representative of the “ hexone ” 
bases, is an important degradation product of proteins; it is 
formed by the acid hydrolysis of most members of this class 
(§ 222), and is most readUy obtained in this manner, from 
protamines such as sturine (§223). 

Histidine, CgH9N302 (Kossel, 1896), is a crystalline substance which is 
freely soluble in water, but only sparingly so in alcohol ; its reactions show 
that it is an amino- acid, and as it is stable towards concentrated nitric 
acid it is probably a glyoxabne derivative, glyoxaline-aminopropionic acid. 

COOH.CH.CHa.C<^^*9^ 

NHs 

Probable Structural Formula of Histidiae. 

409. Pyrone and Pyridone Derivatives : Oxonium Compounds.— 

Tbe ring compounds of the type of furfurane, pyrrole and pyr- 
azole, are built on nuclei containing five linlred ♦atoms, in 
distinction from compounds of the pyridine group, which are 
based on six-membered rings. The p5Tidone compounds are 
y-ketonic derivatives of piperidine, and the pyrone compounds 
bear the same relation to ^em as furfurane to pyrrole. These 
six-thenibered o:^geiiated ring-conipounds are also intinhcLtely 
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CGdsnectedwi& the aliphatic 8>lactoncs (§ 151), and c^boxylic 
anhydrides. 

5 -Vaierolaotone. Tetta;.ydroi<yio^e Tw.tciuydropyridoiie, 

The principal, compound of this group, diiiiethylpyrone, is 
made synthetically from ethyl acetoacetate; it is of especial 
interest as a basic, oxonium compound, in the 
molecule of which a bivalent oxygen atom, becoming quad- 
rivalent, combines additivdy with acid radicals, in the same 
way as an aminoid nitrogen atom^ (Collie, 1899). 

<h;cm> <h;cm:><i 

Dimcthylpyrone. Dimethylpyrone hydrodiloride. 

When ethyl acetoacetate is persistently heated, it is converted into a 
condensation product, dehydracetic acid {§ 143I, cdcohol and ethylene 
being eliminated. . # 

iTiq 

CH3.C0.CH^;C ’ CHlCO.CH3.CO CH5.C0.CH3.C:CH.C(f:CH.,.C0 

— !” — ~o — I 

Ethyl acetoacetate (3 tools.) Dehydracetic acid (acetotiyl-oxypyronej 

Dehydracetic acid or tetracetic lactone is a ccystaHine substance melting at 
109® ; when boiled with concentrated hydrochloric acid,, it is rapidly con- 
verted into dimethylpyrone hydrochloride. The lac tonic carboxyl group 
is eliminated, yielding diacetylacetone (below),- and a new condensation 
takes place between the two enolic hydroxyl groups (§ 144) of the latter. 

CH 3 .CO.CHa.CO.CHa.CO.CHa.COOH->CH 3 .C(OH):CH.CO.CH;C(OH).CH 3 + CO^ 
Tetiacertc acid ' Dlacctytacctuae (enolic form) 

CH,. C:CH.C O.CH:C.CH,^ ^ 

Dimethylpyrone 

Dimethylpyrone hydrochloride, CyHg02,HCl H- 2H20, is a crys- 
talline substance .melting at 85°; its solution is strongly acid, 
and yields dimethylpyrone itself when shaken with chloroform, 
but the salt itself is stable, and may be prepared directly 
from the base. The platinichloride, (C^Hg02,HCl)a,PtCl^, is also 
of auiinoid t3rpe, and several other stable, . well-defined salts 
have been prepared, such as the oxalate and nitrate, 

Dimeikylpyrone^ C^HgOj, which is a crystalling substance 
uniting at 132®, sublimes easily and is very ^uWe in water. 
'When heated vrith baryta water it is hydrolysed to diacetyl- 
CX)(CHi.CO.CH8}s, a crystalline substance melting 
at 49**, ^iu which it is ag^ obtained by heating* 

^ Although dimethyipyrone is interconv^Ue with diacetyh 
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acetone, it has none of the properties of an open-chain ketone ; 
and the fact that it forms stable salts is best explained on the 
above oxonium hypothesis, which also accounts for the exist-, 
ence of such compounds as dimethyl ether hydrochloridet 
(CHj)20.HC1. 

Diacetylacetone and debydra(^tic acid are converted by ammonia into 
dimethylpyridone or lutidone, a crystalline substance melting at 225®; this 
is a stronger base than dimethylpyrone, but its salts ar© of precisdy the 
same type ; the synthetic drug eucs^e (§ 393), is an important derivative. 

Many pyrone derivatives have been prepared ; meoonic a(id, for example^ 
{§ 403} is an oxypyrone-dicarboxylic add, 

410. Synopsis.~Many ring compounds are known, in which 
nitrogen, sulphur, or oxygen take the place of some of the 
carbon atoms. 




APPENDIX 

SUPPLEMENTARY LABORATORY NOTES 

This appendix consists of notes which, taken in conjunction with the text 
form a complete laboratory course. It should be clearly understood that these 
notes are supplementary to the text, and are only complete when taken in 
conjunction with it. 


PLAN OF WORK 

Before commencing work, each chapter should be carefully studied, and 
the necessary apparatus and materials collected. Progress will be slow at 
first, but speed, will come with experience. Progress is much accelerated 
by writing out a careful account of each piece of work as soon as it is 
finished, comparing the results and yields actually obtained with the 
standard results ; the yields indicated are the percentage proportion of 
the theor^cal yield usually obtained (compare § 64, Text ; and § 20, 
Appendix). If an experiment fails, it saves time in the long run to repeat 
it ; a careful worker learns even from a failure. ■< 

It is recommended to work through the book in the order given, to the 
end of Part I. Parts II. and III. should then be taken concurrently. The 
experiments enclosed in square brackets are more complicated, and should 
be lefj until after the others. It is advisable to read ahead, and especially 
to note what materials are required, or the work may be delayed while the 
materials are being made or procured. When a preparation has to be kept^ 
some days before proceeding further, the early stages should be taken in 
advance, before the preceding experiments are completed, 

LIST OF APPARATUS 

Retort stand with three rings and adjustable clamp for condenser. 
Tripod and wire gauze. Sand bath. Tinplate saucepan, 5 inches diameter, 
for water bath. 6-oz. distilling flask. Ordinary flasks, a-oz., 4*oz., 6-oz. 
Large wash bottle, fitted. Corks to fit flasks, test tubes, condenser, etc, 
Set of three cork-borers. Rat-tail file. Thermometer with paper scale 
to 250®. Bunsen burners andf tubing. 100 cc. graduated measuring 
cylinder, 3o-inch Liebig’s coudeusesr, and | inch indiarubber tubing. 
Quadrant brass photographic balance with glass pan, weighing from i to 50 
grams,* Two pcnx^lain onicibles lids. Pipeclay triangle. Crucible 


* little folding bailees are inexpenave, and we4^ accurately to J gram ; care 
Pmt be Ukm ^ to Mto^we use. 

US 
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toi^^ Blowpipe. Platinum foil and wir^ Test-tube - stand. Twelve 
large and twelve small test tubes. Test-tube brush. Three beakers 
4<oz.» 6-oz.» 8-0^ Three funnels, 2-incb, 3-inch, 4>!inch. Two packets of 
^ters, 4-inch, 6-Vcb. Two thistle funnels. Three watch-glasses. Two 
p<^ous tiles or 6-inch white plates (cheese plates), un glazed. Glass tub- 
ing : soft, i inch diameter ; hard, | inch diaine|||r. Glass rods. Three, 
cornered file. Glass filter pump. Stout 500 cc. bottle with neck 
inch diameter, and parafi&ned cork to fit, to take funnel for pressure 
filtering (or Buchner funnel and fiask). Pestle and mortar. Stoneware 
pneumatic trough and beehive shelf. 

Students are recommended to work in couples. If working alone, some 
(rf the above apparatus will be required in duplicate. 



PART 1 


CHAPTER I 

(Titf numbers of the paragraphs correspond with ike section headings.) 

3. Distilling Apparatus.— Bit the thermometer to a 6 -oz. distilling flask 
through an ordinary well-rolled cork [not parafi&ned, and bored accurate! 
and smoothly), the top ol the bulb bang just below the side tube. (Rubber 
stoppers are undesirable as they are attacked by so many organic liquids j 
corks may be rendered acid proof by painting them with chromo-gelatme — 

2 grams gelatine in 20 cc. hot water, to which is added 0.5 gram bichromate 
in 5 cc. hot water— and then exposing them to daylight for seme days.) 
The flask rests on wire gauze, supported by a tripod or ring, and no further 
support is necessary if the cork to the condenser tube fits well and is bored 
accurately ; the side-tube of the flask should be pushed as far as possible 
into the condenser (see Frontispiece). The other end of the condenser 
projects loosely into an ordinary flask, which should rest on the bench 
and not on blocks, etc. The cooling water is passed into the lower 
tubulure of the condenser jacket, and on escaping from the upper tubulure 
should be just warm ;'^hly a small stream is required for otdinary distil- 
lations. The rubber joints between the condenser tube and jacket must 
be quite water-tight. 

5. Distillation of Wine or Beer. — Distil 50 cc. of wine or 100 cc. of 
beer ; the flask not more than two-thirds full. Heat with small flame, and 
steadily, otherwise bumping may occur ; if the liquid biimxK persistently, 
put in two or three small pieces of unglazed porcelain (broken pipe clay or 
porous plate), first cooling. If it froths over, as it probably will do with 
beer, redistil the distillate until a clean liquid is obtained. Prove the first 
part of the distillate has a low boiling point, and is inflammable. 3 

4. Boiling Point, — As the thermometer stem is not entirely in the 
vapour, the reading' is too low ; for very accurate work add N (T— t) 
X 0.00013, where N =»no. of degrees unWnersed, T ■•reading of ther- 
mometer, and t= temperature of second thermometer half way between 
top of mercury and cork ; it is better to use a long-necked flask or short 
thermometer. As the DoUing p{flnt is the temperature of the vapour 
wl^ given off freely under the standard atmospheric pressure, the 
height of the barometer must be noted ; the rough correction for common 
organic liquids is 1® for each 33 mm. difference from 760 mm. Take care 
that the thermometer is not superheated, e.g. by tiw large a flame ; it 
should drip slowly with con<^iised liquid, so that the cotton-wod covering 
^ always wet ; covering should be as thin as possible, and will kdhera 
to the bulb if twisted tightfy. Check the accuracy of the thermcmetdc 

^ 0 0 
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once for all by distilling 100 cc. of water (oar other pure liquid of known 
boiliQg*point) through the apparatus, and note the correction for future 
use. The boiling-point of a liquid is always determined in this way, never 
by placing the thermometer bulb in the liquid ; if the liquid is a mixture, 
distil steadily until a constant boiling-point is attained. 

4. Specific Gravity. ordinary bottle method is good enough for 
most purposes : a 5 cc. bulb is blown on a glass tube, which is drawn out 
in the middle of the neck, and marked lightly with a file at the narrow 
part. Weigh empty — (a balance weighing to i milligram is required). 
FUl with distilled water (with a j'ne pipette), immerse in water of known 
temperature (properly 4°, but that of water supply will do), and adjust 
to the mark with pipette or filter paper. Dry outside and weigh — Wj, 
Weight of water— 1£)2 — Repeat, and note these data once for all. 
Next thoroughly rinse with liquid, or best of all, dry the fiask by sucking 
air through it with the pump and warming. Fill with liquid, and adjust 
as before, at ike $ame temperature. Replace stopper and weigh— 
Then weight of liquid =w^ — and sp. gr. at t® ~{wa — wi) / (wa — wi). 

4. Fractional Distillation, — First fractionation : Use a small flame, and 
keep boiling steadily ; watch the thermometer, and change the receiver 
as the mercury passes each temperature limit, but do not alter or take away 
the flame. Measure the fractions. Second fractionation : Clean out the flask, 
replace the first fraction, and resume the distillation, using a small flame 
as before. When the first limit, 82°, is again reached, some liquid now 
remains in the flask- ; stop boiling for a moment, and add the second fraction 
to this. Now resume the distillation, but do not change the receiver ; some 
liquid now coifies over below 82°, which collect in the same receiver. When 
the limit is again reached, stop for a moment and add the third fraction, 
again without changing the receiver. On resuming, still a little distils below 
82®, and possibly also on adding the fourth and fifth fractions in the same 
way. When the distillate from the fifth fraction reaches 82®, do not stop 
boiling, but change the receiver, and then proceed exactly as in the first 
fractionation. Measure the fractions. Third fractionation : Exactly the 
same as the second i measure the ractions, and take the sp.gr. of the 
head and tail fractions. Note that the head fraction is inflammable ; keep 
it for testing (§§ 18, 19). Note that the tail fraction can be frozen {place 
a few drops in a small test-tube, standing in a small crucible containing 
strong ammonia, through which blow air with a long pipette). 

5. Absolute Alcohol. — Boil 300 cc. methylated spirit in a reflux apparatus 
(Fig. 2) with 10 grams caustic soda for i hour (if pure spirit is available, 
this stage may be omitte^) ; the narrow end of the condenser should pro- 
ject at least m inch beyond the cork, which it should fit accurately. The 
flask is heated on a water bath, i.e. saucepan of boiling water, rath^ less 
in diameter, so that it is heated by the steam. Then fit the flask with a 
wide bent tube leading to a condenser (Fig. 2), and distil on the water bath* 
asHong as anything passes over ; there is no danger of cracking the i^ 

is kept in the saucepan. Use as receiver a similar flask, containfrg 
grams of fresh quicklime (see first thal a lump of this heats with 
-^ater, and falls to pieces) ; the spirit and lime should not more than half 
' ilfl the flask, or the lime in swelling up will burst it. Connect the rieceiving 
faskf containing the lime and purified alcohol, with the mverted condenser, 
and either leave for 24 hours or boil in the wata-bath for an hour ; in the 
latter case watch the c^eration at first, as the action ia apt to be violent 
FJaaUy arrange fot distillation, using the wide bent tube, and distil agnw 
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from ihe water-bath, without pouting 0^ the liquid from the lime, or trans- 
ferring it to a second flash ; distil as from the soda until no more passes 
over. Redistil 50 cc, of the product in the ordinary apparatus, and note 
the b.p. ; this should soon be quite steady with rectified spirit, but will 
continue to rise slowly (76-78“) with methylated spirit. Yield 80 per cent. 
Take the sp.gr. of early and late samples ; this should be constant (with 
the same reservation). The product thus obtained contains 2 to 3 per cent, 
of water ; this may be reduced to less than i per cent, by repeating the 
treatment with quicklime, using only 70 grams. 

6. Chemical Tests of Purity . — Anhydrous copper sulphate is made by 
heating a blue crystal gently in a porcelain crucible, until is crumbles ; it 
should not be heated so strongly as to show the brown oxide. Other 
tests as directed. 


CHAPTER n 

9. Detection of Carbon and Hydrogen . — Bum some absolute alcohol on 
a watch glass beneath a funnel, which is connected through two flasks or 
test tubes with an inverted wash bottle of water, or a water pump (Fig. 9, 

1 25)., Prove the presence of moisture in the first (keep cool) by copper 
sulphate, and carbon dioxide in the second by lime water. 

[9.* Carbon and Hydrogen Comhustioft . — Hard glass tube go cm. long, 
j*5 cm. internal diameter, cut off cleanly at ends ; widen slightly, and 
smooth in the blowpipe ; thoroughly clean and dry, and embed in asbes» 
tos in the furnace trough, the ends protruding about 5 cm. beyond the 
end of the trough. Siagly*bored rubber corks at both ends, well dried 
and blacldeaded to prevent sticking when hot. The drying apparatus 
(Coram’s, Fig. 3) is coqyenient if much work is to be done, but ordinary 
wash-bottles and U-tubes will serve • concentrated potash, i in 5 . (not 
soda, as the carbonate is less soluble), followed by concentrated sulphuric 
acid, both distributed over small pumice. In the combustion tube, 
starting from the air end : (a) 25 cm. empty for boat ; (&) 45 cm. with copper 
oxide, granulated, or from wire (dried over a flame, as it is hygroscopic), 
kept in position by i cm. loose rolls of copper gauze ; (c) 20 cm. empty. 
Water- collecting tube as shown, with sulphuric acid and pumice ; what- 
ever drjnng agent is used must be used throughout the apparatus. The 
potash bulbs (Geissler’s pattern) are half filled with r in 5 solution, the 
Upper tubq with pumice moistened with sulphuric acid. A U-tube 
soda-lime (freshly dried in an iron dish over a small flame) may be sub- 
stituted for the potash ; the attached drying tube is then a small U-tube 
constricted at the bottom, to show the rate at which the gas is passing. 
The absorption apparatus is protected from the heat of the furnace by a 
iarge asbestos screen, as shown. 

Begin with a blank experiment in a dry air stream, without the boat. 
Heat the copper oxide gradually, and when moisture has for some time 
ceased to appear at the end of the tube, place the weighed absorption 
tubes in position, and continue until the tubes cease to increase in 
^«ight. They must remain in the balance case for bait an hour beiora' 
weighing, capped with short pieces of rubber tube aud ro\mied 
hagn^nta. oi glass yod ^removed dvoing the actual viei^ug>. 

la square brSdeeta ihquld be deferred 
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When the apparatus is in working order, make trial. combustipns of 
sugar candy, or recrystaliised oxalic acid, using quantities as indicated for 
alcohol. The copper oxide being red hot, the platinum (or porcelain) 
boat is weighed, empty and with solid (weigh again at the end, to prove 
that there is no residue), and pushed into the empty space r&erved, 
followed by a cold, recently ignited, 5 cm. roll of copper gauze ; this pre- 
vents the backward passage of gases ; it should just fit the tube, but be 
well clear of the boat. Reconnect, and heat this roll to redness ; then 
warm the boat with a single burner (small flame), passing air at one 
bubble per two seconds ; as soon as the rate increases owing to the com- 
bustion, check the air supply ; little gas escapes at this stage, the carbon 
dioxide being absorbed. As the combustion proceeds, the air supply is 
again slightly accelerated, but the rate through the absorption apparatus 
must not exceed that stated. Towards the end of the operation, the 
boat is heated to dull redness (if a charred residue should persist, pass 
oxygen until it disappears; but this is rarely necessary). Finally, pass 
air for 15 minutes after the complete disappearance of the solid. 

In a series of combustions, the copper oxide need not be cooled,"* but 
only the boat end of tube ; if two sets of absorption tubes are kept, the 
next combustion may be started forthwith. Practise as above until con- 
cordant results are obtained. 

[For the analysis of alcohol, make a little bulb with a long thin neck, of 
such size that the bulb will rest in the boat, and the neck project a little 
over the end. Weigh the bulb empty and quite dry, then introduce about 
the right amount of liquid by warming, allowing the neck to dip into the 
liquid and then cooling. Then weigh ; the end need not be fused if the 
liquid is carefully driven out of the neck before weighing. When the com- 
bustion apparatus is in order, place the bulb in the boat with the neck-end 
forwards, push it quickly into the combustion tube, and replace the copper 
roll and stopper. The heating must be exceedingly cautiousj or the vapour 
will come ofi too fast ; a hot tile over the boat serves very well ; at the 
end of the operation the bulb must be quite empty.] 

[12. Vapour Density with Victor Meyer's Apparatus . — The vapour of the 
jacketing liquid should not quite reach the cork. A few cc. of mercury 
must be placed in the displacement tube, or the tube of substance in falling 
will break it. The substance is weighed in a small stoppered tube, sup- 
plied with the apparatus. When the experiment is finished, and no more 
■ gas is displaced, remove the cork of the displacement vessel before stopping 
boiling, otherwise water will be forced back from the pneumatic trough. 
Vapour pressure of water mm. at 10®, 12.7 mm. at 15°, 17.4 mm. at 
20®, 23.5 mm. at 25® ; for intermediate temperatures take as proportional. 
Clean and dry the inner tube before each experiment.] 

[14. Molecular Weight by Cryoscopic Approximate results can 

be obtained with a good physical thermometer graduated in tenthr or fifths 
of ja de^ee. In Beckmann’s apparatus (which is.that*usually employed), 

. the thermometer is differential, having a very large bulb and a very narrow 
bore, with an additional reservoir at the top. The scale is about 6® only, 
divided into jin*** so that mercury must be passed into or withdrawn from 
the Qpp^ reservoir, until the column stands near the top of the scale at 
the required temperatinre.] 

{14. Molecular Weighl by BotUng Point AfriAoJ.— -The vs^nr pressure 
of n liquid is lowered by the presence of an indiffei^t diinkjived substance, 
.iod bolting point theief<»e raised. The leUrioQ li by 
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eqiiaticn il = KP/E (compare cryoscopic formula), where M—mol. wt. 
of dissolved substance, P = no, of grams dissolved in loo grams of solvent, 
E == elevation of b.p., and K = constant for solvent (5.2 for water, 25.3 for 
acetic acid, 26.7 for benzene) j K is also equal to T2/50L, where T is the 
absolute b.p. of the solvent, and L its latent heat of evaporation at its b.p. 
The thermometer bulb must be in the solution, and the vapour of the sol- 
vent must be returned by a reflux condenser or the concentration will 
be altered. Beckmann’s special apparatus is the most convenient. 

A better result is obtained by passing the vapour of the boiling solvent 
(generated in a separate small flask) into a solution of a weighed quantity 
of the substance in a weighed quantity of the solvent, contained in a 
large test-tube jacketed with vapour of the solvent. A steady 
boiling-point having been obtairred, the increase in the amount of the 
advent is determined by weighing,] 


CHAPTER in 

16, 17. Soiium Efhoxide. — Add 2 grams dry, bright sodium to 30 cc. dry 
alcohol ; drain the crjrstals of alcoholate on a porous plate, as they are 
deliquescent. Heat the drying tube in melted paraffin wax, and dry the 
coal gas with sulphuric acid. Tests: flame; copper oxide (carbon dioxide 
by lime water ; water by copper sulphate). Keep the dry ethoxide in a 
well-corked tube, as it is very hygroscopic. 

18. 19. Hydrolysis of Sodium Ethoxide —Distil 5 cc. from a solution of 
3 grams ethoxide in 30 cc. water, using a flame under gauze. Add a stick of 
soda, cork (not too tightly) and leave. In a few hours a layer of alcohol can 
be pipetted off (a very fine pipette — capillary pipette — should be used, 
with rubber suction tube) ; burn some and test some by the iodo- 
form, aldehyde and ethyl acetate tests. Test also some untreated spirit, 
and the head fraction from the beer (§3). 

19. Qualitative Tests for Alcohol. — The iodoform test is very delicate ; 
add a drop of spirit to some water, make almost black with iodine in potas- 
sium iodide, add caustic soda cautiously until colour has almost disappeared, 
warm gently. Yellow crystalline precipitate or turbidity of iodoform ; 
the odour may be apparent, even if there is not enough to give a tur- 
bidity. The ^dehyde test is fairly delicate ; , warm the liquid with two or 
three drops of potassium dichromate solution and a little dilute sulphuric 
acid ; the chccfmate is reduced to green chrome alum, and the alcohol 
oxidised to aldehyde, which has a peculiar, pungent odoiur. The ethyl 
acetate test is not very delicate : mix the liquid with a few drops of acetic 
acid and twice its volume of concentrated sulphuric acid, and warm if 
necessary ; the ethyl acetate has a fruity, pleasant odour. Always make 
uU three tests. 

20. Ethyl Bromide . — Flask, condenser and receiver should be quite dry. 
6 grains red phosphorus and 50 cc. dry alcohol in flask, cooled with 
water. Add very slowly from a tap-funnel (its end not touching the 
alcohol)# 14 ec.brcMnme ; a few drops only at a time, each time thoroughly 

allowing to becmne warm, and then coolicig. If these precau- 
«« Kifglgaed there wiU he an explosion. Kwp ovemi^pit if possible, ^ 
wdl corMt Use duly small quantities of water, etc., for waslung, and 
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when the heavy bromide is quUe free from floating drops, add 2 or 3 pieces 

of fused calcium chloride. Pour off from this before distilling, ’avoid 
loss by volatilisation. Yield 25 per cent.^ Note b.p., sp.gr. No pre* 

cipitate with silver nitrate until warmed with alcohol. 

[20. Ethyl Bromide (in quantity)-— A much better yield is obtained by 
the potassium bromide method. Add 38 grams potassium broihide to a 
cold mixture of 15 cc. concentrated sulphuric acid and 25 cc. spirit,' and 
distil cautiously from a sand-bath ; purify as before. Yield 70 per cent.] 

[30. Ethyl Iodide. — Place 20 grams of iodine in k distilling flask, connected 
with a condenser, add 13 cc. dry alcohol, and then, cooling with water, z 
grams dry, red phosphorus (allow 4he mixture to become warm, but not so 
much as to cause, distillation). Mix well, and keep corked imtil next day. 
Distil from a water-bath, and purify as with the bromide. Kedistil when 
dry, and n6te b.p. Yield 75 per cent. Precipitated slowly on shaking with 
aqueous silver nitrate, and immediately by an alcoholic solution. Ethyl 
iodide can be kept colourless by a few pieces of bright copper wire.] 

21. Qualitative Tests for Halogens, — -Green-edged flame when burned ; 
green flame coloration with large fragment of granulated copper oxide 
mounted on platinum wire ; the oxide is first heated to redness until the 
flame ceases to be coloured, and when cool is moistened with the liquid. 
An alternative method consists in carefully dropping some of the substance 
(using a fine pipette, if liquid) on a fragment of pure quicklime (made by 
heating a fragment of marble strongly, in the blowpipe on platinum foil) 
in a small hard- glass tube, and then heating to redness for a minute ; the 
heavy vapour interacts with the lime, which is then cooled, dissolved in 
dilute nitric acid, and tested for halogen. 

[21. Estimation of Halogen,— -SilooX. thick-walled, soft-glass tube about 
10 inches long, one end rounded, i gram powdered silver nitrate and 
4 cc. concentrated nitric acid are introduced through separate funnels, 
without soiling the upper part of the tube ; then the substance (whether 
solid or liquid) in a sealed thin-glass bulb (a solid may be placed in a nar- 
rower tube about 2J inches long, sealed at one end ; this will adhere to 
the wet sides of the tube, and remain about half way down). The tube is 
then carefully drawn out, with well-thickened walls, at a short distance 
from the open end, and is carefully sealed, with thick and well-annealed 
walls. The bulb containing the substance is next broken by shaking 
briskly, and the tube placed in the furnace. Heat is applied gradually, 
first 100®, and so on, for an hour or so at each stage. The ends of the fur- 
nace must face a brick or iron screen, to prevent damage should the tube 
explode ; if much gas is expected it saves time, after heating at 100®, to 
cool, open and reseal. To unsfeal the tube, it is slipped cold out of the oven, 
and wound round with a cloth as it appears ; any drops of liquid at the 
narrow sealed end are then removed by cautiously holding near a hot tile, 
aifd the end is softened in a flame ; the sealed end is held away from the 
ot>erator, and the tube is well wrapped up and hdd firmly. When the 
oxidation is complete the silver haloid lies at the bottom of the cleat 
liquid { after unsealing, the tube is cut just below the narrow part, and 
rinsed into the beaker to which the precipitate and liquid are trans- 


• Unless explicitly stated otherwbe the yields are expressed in 
'^required by the assumption that the action proceeds quantjtativdiy 9*“ 
:ttOQ<nl7 , " 



Supplementary Laboratory Notes 567 

ferred. The silver bromide, etc., is collected on a filter, and washed and 
transferr^ ta a porcelain crucible in the usual way ; or the residual 
silver nitrate may be titrated by the thiocyanate method. The student 
is warned not to attempt sealed tube work without superv^iony as expiosiems 
happen in the most experienced hands . 1 
22. Hydrolysis of Ethyl Bromide or Iodide . — Bod 5 oc. with 5 grams of 
caustic soda in 25 cc. of water. Ordinary flask without side- tube (Fig. 
8) ; narrow end of condenser projecting into neck at least an inch beyond 
cork ; isolate and test alcohol as in §§ 18, 19 (distil over a flame) ; prove 
the residue contains sodium halide. For bumping, see § 3' 

33. Ethyl Chloride . — Fit a test-tube with a cork, and a short tube drawn 
out to form a gas-jet ; place in it some common salt, cover with alcohol, 
and add an equal bulk of concentrated sulphuric acid ; warm if necessary. 
The ethyl chloride vapour bums with a green flame. ' 

{23. Ethyl Chloride {in quantity). — Add 40 grams zinc chloride to 100 
cc. spirit, and saturate cold with acid (from charges of 100 grams salt, 
warmed with a mixture of 100 cc. sulphuric acid and20cc. water). Then 
boil in a paraffin bath, and pass in more gas as long as chloride is formed ; 
condense in U-tube immersed in ice and salt. Yield 50 per cent. No 
turbidity with silver nitrate, even in alcoholic solution.] 


CHAPTER IV 

25. Ethyl Sodium Sulphate.— Vova: 35 cc. sulphuric acid caretully into 
100 cc. rectified or methylated spirit, shaking constantly. Heat in an open 
flask on a water-bath; then cool, dilute to 500 cc. and neutralise with 
whitening (an earthenware pdeumatic trough is convenient for this pur- 
pose). Filter with suction, using a Buchner funnel and pressure flask, 
connected through thick-walled rubber tube (or glass tube with very short 
rubber joints) with the water pump (Fig. 9) ; a fair water-pressure is 
necessary. If a Buchner funnel is not available, use a large glass funnel, 
fitted to a strong, wide-necked bottle ; the filter must fit well, and be 
supported by a second small, waxed filter, pierced with pin-holes. 

Precipitate the lime with washing soda solution, taking care to avoid 
excess ; the product should not he alkaline, nor efiervesce .with acids ; it 
is thereiore best to reserve some of the original solution in case of over- 
neutralisation. Drain the crystals on a porous plate. Yield 20 per cent. 

Recrystallise from Alcohol— Add hot alcohol cautiously to half the pro- 
duct (keeping hot on a water-bath) until it is just dissolved ; then add 
half the remainder, followed by more alcohol in the same manner ; finally 
(reserving only a few crystals) add the balance. BoU, filter quickly 
through a pleated filter in a truncated funnel (if the neck is no,t removed, 
it becomes choked with crystals) ; allow to cool, pour off the mother 
liquor, and drain the crystals on a porous plate. (To pleat a filter, 
fold as usual, open to semicircle, and fold each double quadrant inwards, 
so that its straight edge meets the vertical middle line ; then double each 
of the four half-quadrants outwards upon itself, forming a narrow, wedge- 
shaped packet of qnarter-quadrants—22i'^; press UghUy, open out, and 
fmdike cone loosely in the funnel.) 

Qudiiative for Sulphur.— HoAt the ^lid with sodium on a 
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scrap Kji p<»rce!ain, or In a small test-tube ; the black precipitate ^ould 
2lot be dissoIvedi>y dilute hydrochloric acid. 

[25. EsHmaticn of StUphur^—M halogen, but without silver nitrate ; 
dilute weU befcure predpitating. In this particular case the ethyl sulphates 
might be hydrolysed by boiling with dilute hydrochloric acid, and the 
sulphuric acid at once precipitated ; or the sodium salt might be fused 
with sodium carbonate and nitre; but the first process is applicaWe to 
all organic sulphur compounds.] 

[21, 25. EsHmation of Carbon and Hydrogen in Compounds containing 
H^gen or Sulphur. --It halogen is present, a 10 cm. roll of silW gauze 
is placed after the copper oxide, and a similar 5 cm. roll before the boat, 
instead of the copp^ roll. The longer roll must be kepis at a bright 
red heat ; |he silver halide sublimes on the combustion tube, leaving 
the roll clean and bright. The chromate method is less convenient. 

If sulphuffe present, the copper oxide is replaced by fused and coarsely 
crushed lead chromate, and the substance mixed with five or six times its 
weight of the finely powdered chromate in a large iron boat, or simply 
in the tube ; the chromate must not be heated too strongly or it will fuse ; 
it may be mixed with potassium dichromate to raise its melting-point. 
The s^phur is converted into non-volatile lead sulphate.] 

25. Hydrolysis of Ethyl Sodium Sulphate. — Dissolve 5 grams sulphate in 
50 cc. water with enough sulphuric acid to make the solution ^tinctly 
acid ; distil at once. Apply iodoform, aldehyde and ethyl acetate tests, 
and evaporate residue for sodium hydrogen sulphate, which test. 

26. Ether, — Ether is very volatile, and its vapour very heavy and in- 
flammable ; in working with it, k^p all flames away from the receiver, etc., 
and in redistilling it, use hot water, heated away from the apparatus. 
Heat 20 cc. spirit with 20 cc. concentrated sulphuric acid in a distilling flask, 
and when the temperature reaches 140°, ibn in 80 cc. spirit at such a 
rate as to keep the temperature (which would otherwise rise rapidly) at 
140-145° ; the supply is controlled by means of a screw pinchcock on 
the rubber tube attached to the shorter tube, and the spirit must be 
delivered beneath the surface. . Yield 75 per cent. B.p. ; sp.gr. ; heavi- 
ness of vapour (pour into beaker on balance) ; inflammability ; carbon 
dioxide left in beaker on burning the vapour. 

[26. Drying Ether. — Place i gram of bright slices of sodium in 10 cc. 
ether, well-dried with calcium chloride (in reflux apparatus) ; there is 
a brisk effervescence (owing to the decomposition of the residual water), 
but as soon as the ether is dry, it may be boiled with the sodium without 
furtho: action. It now also gives no colour with picric acid.] 

aS. Etlw from Ethyl Bromide or Iodide. — ^Dissolve i gram of sodium in r 5 
cc. ;^s 61 ute, alcohol keeping cool ; add crcc. ethyl halide, and warm gently 
in a reflux apparatus until the sodium halide ceases to increase. (Test.) 
and salt out ether with brine ; note low b.p. and odour. 


CHAITOR V 

OidMion of Alcohol io Acetic .4£uf.-~-«I>issolve i| grams p^angan- 
water, in a litre flask with reflux c<m<SKE^ ; 
i^phuric acffh tmd then pour 5 cc. spirit in ^ cc. wattt ^wly 
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down the condenser ; the action must not become violent. When it is 
finished, boil for some time, and if the colour of the permanganate is dis- 
chared, add more acid and permanganate solution ; finally, distil about 
three-fofUTths over. Note acidity to litmus and taste. Neutralise with 
soda, and evaporate as below. Apply qualitative tests. 

30. Acetic Acid from Vinegar. — Distil vinegar. Note acidity of.dis* 
tillate. Neutralise with soda, and evaporate. Compare sodium salt with 
sodium acetate made from acetic acid as below. Apply qualitative tests. 

29, 33. Qualitative Tests for Acetic A Distillable ; acid reaction. 
Odour, with salts apparent on heating with dilute sulphuric acid. Ferric 
acetate, from fmic chloride and neutral acetate, red and soluble ; h;gdro< 
lysed (cololU discharged) by dilute hydrochloric acid ; hydrolysed to 
brown, insoluble basic salt by boiling with water, liquid becoming acid. 
Sodium acetate heated with dry white arsenic (very little of each) gives 
sickly odour of cacodyl oxide. Ethyl acetate ; as with alccAol, § 19. 

30. Sodium Acetate.— EKOiCtly neutralise 100 cc. B.P. or 40 cc. glacial 
acid with washing soda, and boil down. When the solution begins to bump, 
stir vigorously until solid ; then continue heating until the mass again 
fuses t and pour nn a stone slab or the bottom of a retort stand. Note yield 
of sodium acetate (quantitative). Break up before quite cold, and keep in 
stoppered bottle. 

, 30. Glacial Acetic Acid. — Distil 20 grams warm, recently-fused sodium 

acetate (above) in small lumps (not powder), with 20 cc. concentrated 
^ sulphuric acid ; flask, condenser and receiver must be quite dry. Redistil 
from clean dry flask with 2 grams powdered sodium acetate, quite dry ; 
note b.p., sp.gr., and m.p. If the acid will not freeze, after stirring 
vigorously, even in a freezing mixture of pounded ice and salt, add a 
crystal of pure acid frozen from stock. 

30. Melting Point. — Best dbtermiaed in large quantity in test tube (for 
small quantities, see § 49). If the substance is pure, the temperature re- 
mains constant as long as solid and liquid, weU stirred, are present to- 
gether. Jacket the test-tube with a somewhat larger empty tube. 

30. Pure Acetic Acid. — Freeze ao cc. glacial acid in test tube in ice, 
proceeding as directed until melting point ceases to rise ^ if the acetic 
acid contains no impurity besides water, its composition is given by the 
cryoscopic equation, § 14 ; about 1 per cent, of water for each 2° depres- 
sion. Determine b.p. and sp.gr. of product. Note inflammability of 
warm acid. 

[31. Molecular WHght hy Silver AfrfAod.— Rrecipitate silver oxide with 
caustic soda from solution of i gram of silver nitrate in 10 cc. of water; 
wash ‘free from alkali, and boil with dilute acetic acid; filter hot, and 
evaporate the acetate to dryness on a water-bath. Heat a weighed quantity 
to redness in a porcelain arucible, and weigh the residual frosted silver. 
Calculate molecular weight.] 


CHAPTER VI 

33 * Copper onA tead Acetates . — Dissdve the oxides or carbonates in 
boiling^ute acetic acid (compare §§ 31, 43) ; filter hot through a pleated 
fil^ (S 25 ), crystaiflfre and drain, and recrystallise from water, as from 
spirit (i as). To obtain large crj^tals, place a cold saturated aflution in a 
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wide beaker or crystallising dish, add a crystal of the substance, cover the 
beaker with filter paper, and leave to evaporate spontaneously. Study 
hydrolysis of ferric acetate. 

34. Actiyl Chloride . — Mix 20 cc. of glacial acid and 10 cc. of phos* 
phorus trichloride in a flask, and pour into a narrow cylinder. When the 
upper layer ceases to increase, pour off carefully into a distilUng-flask, 
using a funnel (direct distillation, without separation, does not give such 
good results). The whole of the apparatus must be perfectly dry. Note 
b.t>. Yield 70 percent. Keep in stoppered bottle— preferably capped. 
Hydrolysis . — Note action of water and caustic soda, test for acetic 
and hydrochloric acids. 

[35. Acetic Anhydride . — Add ro cc. chloride to 16 grams recently fi^d, 
powdered sodium acetate as directed ; when finished, reifcove a drop 
on a glass rod, and test with silver nitrate solution ; distil when free 
from chlorine. Redistil and noteb.p. It is best to redistil small quantities 
from a test-tube having a thermometer through the corl^ and a short 
obtuse-angled tube to the condenser {as Fig. 5). Yield 7opereent. Hy- 
drolysis in same way as with chloride.] 

36. ‘Reduction of Acetyl Chloride . — To 5 cc. chloride in a loosely corked 
flask, add, over a day or two, 4 grams sodium in 7 cc. mercury. ■ In making 
the sodium amalgam drop the sodium in small, freshly cut pieces into warm, 
dry mercury in a mortar, and press with a pestle ; cover the mortar 
with a doth, as the action is violent. The amalgam solidifies on cOoling ; 
keep in a stoppered bottle. When the reduction is finished, pour off from 
the mercury, which can be used any number of times, and boil gently 
(in reflux) with excess of i in 10 caustic soda ; distil over a flame. 


CHAPTER VIE 

39. Ethyl Acetate [Esterification of Acid). — Boil 2 cc. dry alcohol with 3 
cc. glacial acetic acid in a test tube, and note changed odour. 

Hydrogen chloride method : Pass the dry gas (§ 23) into one-fourth of a 
mixture of 20 cc. dry alcohol and 20 cc. glacial acetic acid, until saturated ; 
mix with the remaining three-fourths, and boil in a reflux apparatus for 
two hours (on a water-bath) ; hrine and sodium carbonate solution must be 
saturated; dry with' solid potassium carbonate. 

Continuous method: Heat 10 cc. spirit, 10 cc. glacial acetic acid, and 10 
cc. cctticentrated sulphuric acid in a distilling flask on a water- bath, and 
when the distillation proceed^ briskly, run in from a tap-funnel (stem to 
bottom of flask), at the same rate, a mixture of 50 cc. spirit with *50 cc. 
glacial acid. Purify by shaking repeatedly with small quantities of 
brine (ethyl acetate is soluble in 10 volumes of water). 

Sodium acetate method : 50 grams acetate ; 40 cc. each spirit and con- 
centrated sulphuric acid, all in distilling flask ; do not allow the tempera- 
tme to rise. Cork and keep at least 24 hours ; distil from yrater-bath 
without further treatment. 

Note in each case b.p., sp.gr., and yield : 50-70 per cent. 

40. Hydrolysis of Ethyl Acetate. — ]BoU 5 cc. acetate with 5 grains caxistic 
so^ in 10 cc. water (§22}. Prove alcohol; acetic acid. The operation may 
Ife made quantitative by using a known volume of standard ;^9(^o)ki 
potash, and A weighed amount of ester, titrating the sdkali left at the 
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Action of Aceiyl Chloride Acetic Anhydride on AlcohoU Add 3 

cc. acetyl chloride to 2 cc. dry alcohol ; salt out and wash with saturated 
sodium carbonate. Try also with amyl alcohol (fiwel oil) ; note pear 
odour. [Same with anhydride, but action is less violent ; best by 
adding ^ernately a drop of anhydride and two or three drops of soda to 
the alcohol, shaking each time.] 


CHAPTER VIII 

43. Methyl AlcohoU — Dehydrate 100 cc. of commercial methyl alcoho 
in the same ^ay as ethyl alcohol (§5). Note b.p., sp.gr., inflammability 
presence of carbon and hydrogen. Make sodium methoxide in the same 
way as sodium ethoxide, but note there is no discoloration. Make nvethyl 
acHcde from the alcohol, acetic acid and sulphuric acid in a test tube, and 
note the odour. Make methyl potassium sulphate in exactly the same way 
as the ethyl sodium salt, and with the same quantities. Yield 25 per cent. 
Keep in stoppered bottle for § 63. Make methyl iodide : To 10 cc. dry 
methyl alcohol in distilling flask, add (through paper shoot) 2\ grams red 
phosphorus and 25 grams iodine, cooling whm action is too vigorous, 
N^t day distil and purify as with ethyl iodide, § 20. Yield 80 per cent. 

44. Formic Acid. — From methyl alcohol : Boil a Httle methyl alcohol 
in a distilling flask with acid permanganate, and pass the gas through 
lime water ; distil, and test the distillate as below. From oxalic acid : 30 
grams crystallised acid and 50 cc. glycerol as directed, not above 135° 
(thermometer bulb in mixture) ; test for carbon dioxide. At 135“, add 
30 grams more oxalic acid, and again a third time ; note odour and 
acidity of product, and couvejsion into carbon monoxide by concentrated 
sulphuric acid j test as below. Mix distillates and redistil ; yield 40 cc. 

44. Barium Formate. — Add excess barium carbonate to hot acid (25 cc. 
above, diluted, stirring well ; boil until neutral, and filter ; evaporate to 
crystallisation. Cover up for 24 tours ; drain crystals, and dry on porous 
plate ; evaporate mother liquor for second crop. Keep in a well corked 
tube. Convert 5 cc. of acid into lead formate, using litharge in same way, 
and 5 cc. into copper formate, using precipitated, washed copper oxide. 

44, Qualitative Tests for Formates. —kciA reaction and odour, carbon 
monoxide evolved on heating with concentrated sulphuric acid (blue 
flame). Ferric formate as ferric acetate. Formates reduce ammonio* 
silver nitrate and acid mercuric chloride ; acetates do not, 

[44. Synthesis of Formic Acid from Carbon Monoxide.— Vio'poxo pure 
carbon monoxide by dropping cold concentrated sulphuric acid from a 
tap-funnel on lumps of 98 per cent, potassium cyanide; wash the gas with 
25 cc. 30 per cent, caustic soda, and dry \rith concentrated sulphuric acid. 
Pass the pure gas through a small U 4 ube filled with ordinary soda lime, 
and immersed in an oil-bath (melted paraffin wax in an enamelled iron pot) 
at 180-200®, ‘ Note that comparatively little escapes, until after an hour. 

Cool the U-tube, powder its contents, mix with much water, and acidify 
strongly with dilute sulphuric acid. Filter at. the pump (§25) from 
eddum sulphate, and distil the dear ^trate as long as add passes over, 
keeping the level conriant by adding water from time to time. Neutrali^ 
the disrate with sodium embonate, and evaporate to dryness on a ws^ter- 
The readoe is sodium formate; tesh] * 
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45. Btdyric and Caprolc . 4 c»<fc.— grams of butter In ia beaker 
in a water-bath, and filter through a ^ot, dry filter iiunder s hot sand- 
bath). Heat the filtered fat with 60 cc. spirit and 10 grams caustic soda 
on a water-bath, until a clear yellow solution is obtaioed; expd the 
alcohol by adding water, heating on the water-bath until the odour and 
colour change. After distilling with sulphuric acid, note the acidity and ran- 
dd odour of the distillate ; neutralise with sodium carbonate, add caldum 
4 to.oride, and boil ; calcium butyrate is precipitated ; collect hot. About 
one-third of the acid is caproic acid; it distils with steam rapidly 
than the butyric acid. 

[45. Synthesis of Propionic Acid. — Dissolve 2 grams bright magnesium 
turnings in a solution of 7 cc. dry ethyl iodide in 10 cc. dry ether [dried over 
sodium and redisUUed, § 26) in a small refiux apparatus (moderate the action 
by cooling, if necessary) ; and pass in carbon dioxide (wash with sodium 
carbonate solution, and dry tmce with concentrated sulphuric acid) until 
it ceases to be absorbed ; cool, if necessary, pistil the ether from a water- 
bath, and boil the residue with excess of dilute sulphuric acid (adding water 
as necessary) as long as volatile acid distik. Convert the distillate partly 
into sodium salt, and partly into silver salt ; test the former (as acetate, 
but very deliquescent) and analyse the latter (§31). Yield 50 pct cent. 
Compare § 267.3 ^ 

46- The Ethereal Salts. — ^Warm some calcium butyrate with a little dry 
alcohol and concentrated sulphuric acid, ajjd note pineapple^dour of 
ethyl butyrate. Fot amyl acetate see § 41. [From commerci^butyric 
acid, make methyl butyrate by continuous esterification proceS^§39), 
using half quantities given for acetates ; b.p. 102^] 


CHAPTER IX 

48. Saponificaiion of Fat . — Boil 10 grams of clarified suet with a solution 
of 10 grams of caustic soda in 50 cc. of water ; maintain level of liquid 
carefully, and boil vigorously. (Or pour melted fat into 15 cc. spirit, shaking 
vigoroi^y, and add cautiously to the granulated mass, a hot solution of 
the soda in 10 cc. of water, again shaking vigorously ; when the action is 
over, mix the product with 200 cc. of water and boil gently, adding water 
from time to time, until the ^cohol is expelled). Salt cut, purify and dry 
soap, and test detergent properties. 

' 48, Hy^olysis of Soap . — Add a few drops of phenol-phthalein solution 
to a cemoentrated aqueous solution of soap, and just neutralise with very 
dilut&salphuric acid. On dilution with water the solution becomes alkaline. 

Fatty > 4 Proceed as directed: 5 grams soap in 50 cc. hot 
of dilute sulphuric acid ; aftw washing the .cake of acids 
by repeatedly melting with water, recrystallise fi^om hot alcohol (§ 35 ) • 
faint acid reaction. Dissolve in hot caustic soda, avoiding excess ; 
caldtim chloride tmd magnesium sulphate to portions of sdution, 
'imd note cttrdy precipitates as with hard water; note also insoluble 
lekj ^a|> with lead acetate. 

Mint of Smedl For small quantities^ the capil- 

jny method is the best. Ordinary i inch soft i^ass tubing 3 in. long 
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(or a small test-tube) is drawn out at the middle to a a mm. capillary, and 
then fused into two tubes, the capillary portion of which (4 cm, long) 
should take a lar^e * pin. Fill 5 nun. of the capillary with powdered solid, 
and f^ten it to the thermometer stem with a band cut from rubber tube, 
so that it rests against the bulb, but the open end against the sterd 
(Fig. 12) ; if the bulb of the thermometer is of the same diameter as 
the stem, the capillary adheres to it by surface tension, and the band is un- 
necessary. Immerse the bulb and lower part of capillary {not the upper 
part) in the small beaker of water or sulphuric acid, at a temperatwce 
below the melting point of the substance ; stir well, and warm gradually. 
If the substance is pure, the opaque solid suddenly changes to a trans- 
parent liquid on reaching its melting point ; and conversely the liquid is 
as suddenly reconverted into the solid on cooling to^its freezing point. 
The melting and freezing points are then practically' idmtical ; if they 
extend over several degrees, the substance is impure. 

Another very convenient method is to fit the thermometer (with the 
capillary, as before) through a cork to a small test-tube, holding enough 
sulphuric acid to cover the bulb ; this test-tube is slipped into a small 
flask, containing sulphuric acid to the same level. Stirring is then easily 
effected by giving a gentle rotatory motion to the flask. If the sulphuric 
acid darkens, from charred dust, etc., add a small crystal of nitre. 


CHAPTER X 

53* Acetamide . — Keep 20 cc. ethyl acetate (or z$ cc. of omde distillate 
from the continuous process, •§ 39), with 20 cc. strongest ammonia, sp.gr. 
0^880, in a corked flask, until homogeneous (24-48 hours) ; the flask 
should be kept in a warm place in winter, or the action will be very slow. 
Identify alcohol in the early distillate (acidify and redistil). Re<^ta]- 
Use product until m.p. is constant. Note b.p. Yield, 50 per cent, 

54. Detection of Nitrogen.— B.tzX a crystal of acetamide with soda-lime, 
and note ammonia. Heat with sodium to redness in smaU tube for at 
least half a minute ; break hot in 5 cc. water ; filter. Add a few drops of 
fmous sulphate and ferric chloride and some caustic soda ; warm, acidify 
with dilute hydrochloric acid — Prussian blue. 

[54- Estimation of Nitrogen by Combustion or Absolute Method. — Com- 
bustion tube, 75 cm. long, r-S cm. internal diameter, closed at one end. 
To ^ the tube, clamp in vertical position, and introduce in order, through 
a wide-necked funnel : {a) 10 cm. sodium hydrogen carbonate [free from 
ammonia) followed by a i cm. copper gauze roll, superficially oxidised in 
flame ; (&) 7 cm. coarsely granulated or “ wire ” copper oxide (a stock of 
this is heated to dull redness in a furnace, and kept in a well-corked flask) 
followed by. a similar oxidised roll ; (c) a mixture of weighed quantity of 
powdered substance with enough powdered copper oxide (a stock of this 
heated and kept as above) ta fill 6 cm. of the tube (to mix, place oxide 
m a small, dry fla^, add substance from weighing tube, cork, and shake 
fiifllowed by z cm. powdered oxide (to rinse out flask), and a i cm. 
coppa i:<^; (d) 24 cm. granulated or “ wire” coppier oxi^; (4) roU of. 
^PPtt gimze, iz ob. lon^irouiid on stout copper wire beutinto a hook at 
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each end (the roll is reduced by dropping red-hot into a test-tube containing 
a little methyl alcohol) ; {/) lo cm. empty. 

Place tube horizontally, and tap, to make a channel for the ga^ j 
introduce into furnace (5 cm. projecting) and connect to nitrometer, 
previously filled with 50 per cent, potasli (not soda ; 200 g^ams potash to 
200 cc. water) ; enough mercury to cover the gas inlet (the rubber joint 
should be very short, and the rubber cork of the combustion tube 
should fit well, and be protected from the heat by an asbestos screen — Fig. 
13). The potash reservoir having been lowered, and the tap opened, a 
single burner is lit under the end of the sodium bicarbonate, to generate 
carbon dioxide; then 5 minutes later, the burner under the copper roll. 
After the current of carbon dioxide has passed for 10 minutes the air 
should be practically expelled ; test by raising the potash resen^oir and 
closing the tap. If only very minute bubbles rise to the surface (these 
never quite cease), light the burners under the layer of copper oxide next 
the bicarbonate, and after finally adjusting the nitrometer, cautiously 
heat the part of the tube containing the substance, lighting one burner 
at a time. When gas ceases to collect in the nitrometer, and the whole oi 
the tube (except the bicarbonate) is at a dull red heat, heat the rest of the 
bicarbonate gently, until again only minute bubbles of gas rise to the sur- 
face of the potash. Then disconnect, leave for an hour in a place of uniform 
temperature, and measure the nitrogen ; noting the temperature and 
barometric pressure. The gas may be measured in the nitrometer, 
levelling by means of the potash reservoir (the vapour pressure of 50 per 
cent, is roughly 25 per cent, of that of water at the same temperature — see 
J 12) ; or by attaching a short -necked funnel to the upper tube, and 
filling this with water, it may he transferred to another measuring 
tube, and measured over water (for vapour pressure, see § 13). The whole 
<^eration should not occupy more than 2 hcfurs.) 

[54. Estimation of Nitrogen by Sulphuric Acid Method {Kjeldahl), — The 
substance (o'5 gram) is heated -ta a round bottomed flask on a sand-bath, 
with cc. concentrated sulphuric acid [free from nitrogen)^ just short of 
boiling, and when dissolved, powdered permanganate is added in very 
small quantities until the liquid is permanently coloured green or purple. 
The nitrogen is thus converted into ammonium sulphate, and the carbon 
' completely oxidised. The cooled solution is cautiously mixed in the 
same flask with 150 cc. of cold water, a little powdered talc is added, to 
prevent bumping, and 50 cc. of 50 per cent, caustic soda is cautiously run 
into the flask, so that it passes under the acid without mixing. The flask 
is now fitted with a bulbed distillatirai tube (“ Kjeldahl trap ”), shaken to 
mix the soda, and then briskly distilled for 20 minutes, the ammonia 
being received in decinormal sulphuric acid.^ The excess of acid is then 
titrated with decinormal alkali.] 

[54. Esiimaiion of Carbon and Hydrogen in Nitrogenous Substances. 
sflver roll as in halogen carbon estimation (|§ 21, 25), or copper as m nitro- 
gen estimation.] f 

55. Hydrolysis of Acetamide. — Boil i gram in open flask with 2 grams 
caustic soda in 20 cc. water, and note ammonia ; when this has disappeared 
distil with exce^ of dilute sulphuric acid, and test distillate for acetic acid. 
Action of nitrons acid ; i gram in 10 cc, water and excess of dilute sulphuric 
* ndd i solution of i gram of nitrite in 10 cc. water added until paper is 
.hineil Potassiiim-iodide-stareh papers ; mb f gram stawh with 20 cc. 
eoM WAttt* boil and cod 1 add | gram iodide i dip strips Of filter paper» 
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and dry in air. After adding the nitrite, prqve that the escaping gas is 
nitrogen, and then distil the residue for acetic acid. 

56. Acetonitrile. — Acetamide, pure or crude, 5 grams ; redistil nitrile from 
water-bath with (a) moist and {b} dry potassium carbonate. Note b.p., 
yield (4 cc. =90 per cent.}, odour, and colour of flame. 

56. Hydrolysis of Acetonitrile . — Boil 2 cc. nitrile with 5 grams caustic 
soda in 25 cc. water (§ 22). Prove ammonia and acetic acid as directed. 

57, 58. Ethylamine. Add by degrees 5 grams zinc to 2 cc. nitrile in 
50 cc. water with 5 cc. concentrated hydrochloric acid. Next day, add 
excess of caustic soda (10 grams in 50 cc. water), and distil ; the end of the 
condenser tube should dip under a little water in receiver. Note odour and 
alkalinity of distillate. Neutralise with dilute hydrochloric acid, and 
evaporate to dryness ; warm evaporated residue with dry alcohol on a 
water-bath ; filter, and evaporate filtrate to dryness on water-bath. Heat 
some of the residue with soda-lime as in making ammonia, and note 
odour, alkalinity and inflammability of gas (test for carbon dioxide). 


CHAPTER XI 

61. Formonitrile (dilute).— Pistil 5 grams 98 per cent, potassium cyan- 
ide with 50 cc. dilute sulphuric acid (i vol. in 10) ; this must be done 
in a good draught cupboard, as prussic acid vapour is extremely poisonous. 
Note cyanide tests (§§ 54, 201). 

, 62. of Formic Acid. — Potassium cyanide, 4 grams, with 5 grams 

caustic soda and 50 cc. water (§ 22) ; eliminate unchanged cyanide as 
directed (work in draught cupboard). Prove formic acid and ammonia. 

62. Synthesis of M ethylamine.— To distillate from § 61 add 50 cc. water 
and 5 cc. concentrated hydrochloric acid, and, then, gradually (as with 
acetonitrile) 5 grams gran^ated zinc. Keep in loosely corked flask ; next 
day remove excess of zinc, and boil vigorously {in draught cupboard) until 
remainder of prussic acid has disappeared ; then proceed as with ethyl- 
amine. Note practical identity in properties. 

. 63. Synthesis of Acetic Acid. — Dry methyl sodium sulphate, 10 grams, ■ 
and 5 grains dry 98 per cent, potassium cyanide, finely powdered and 
intimately mixed ; distil from test tube (or small flask) connected with 
condenser, heating cautiously. Shake the distillate with i cc. dilute . 
sulphuric acid (to destroy unpleasant isocyanide), then boil in reflux 
apparatus with 10 grams caustic soda in 50 cc. water until evolution of 
ammonia partially ceases. Well acidify with dilute sulphuric acid, boil 
with } gram mercuric oxide,* and distil. Prove distillate is acetic acid; 
reaction, odour and tests. Yield go per cent, [Convert some of the distillate 
into the silver salt, and analyse (§ 31).] 

64' Synthesis of Propionic Acid. — As with ascetic acid, but u^g ethyl 
•Qdium sulphate- Test as in 5 45- 
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CHAPTER XIII 

72. Methane from Acetic Acid. — Finely powder 5 grams recently, fused 
so^um acetate ( § 30), 6 grams soda-lime, and intimately mix with 5 grains 
dean iron filings. Heat in hard glass tube with delivery tube, with 
a roll of filter papa: in front to absorb moisture ; heat from back to 
front, the tube being inclined towards the front. Note the gas, colourless, 
insoluble, light ; bums to carbon dioxide. Does not decolorise bromine 
water or cold alkaline permanganate (diluted until transparent and mixed 
with a few drops of sodium carbonate solution). 

[72, Methane from Magnesium Methiodide. — Dissolve li grams bright 
magnesium turnings in a solution of 5 cc. dry methyl iodide in 7. cc. dry 
ether (see $ 45) in a small flask fitted with tap-funnel and gas delivery tube. 
When the action is finished, distil off the ether pn a water-bath, and drop 
the water slowly on the residue. Wash the gas well with water to elimin- 
ate ether.vapour, and test as above.] 

73. Chloroform. — ^The bleaching powder (150 grams) is made into a thin 
cream with 500 cc., water, and 20 cc. spirit or acetone, diluted with twice its 
volume of water, is added ; distil with steam at once. Chloroform is 
rathex soluble in water, hence add brine to distillate. Purify. Note 
odour, b.p., sp.gr. Yidd 75 per cent, with acetone (much less with 
alcohol). No precipitate with silver nitrate when pure. 

73. QualikUive Tests for Chloroform. — Volatility. Odour, Formation of 
chloride with alcohdic soda (blank experiment should be made, as soda is 
liable to contain chlorides). Reduces alk aline copper tartrate (§ 139) on 
boiling. Warm with alcoholic soda and a drop of anilin e in test tube ; 
characteristic odour of phenyl isocyanide. 

74. Iodoform. — ^Add 4 cc. spirit or acetone to solution of 10 grams washing 
soda in 50 cc. water. Warm to 7o°, and add iodine (about 5 grams) until 
slight hsowa colour remains j then i drop caustic soda, when colour should 
change to yellow. Purify as directed. Note odour, hexagonal a:ystals 
(under lens); m.p. by capillary tube method. Yield quantitative. 

75. Hydrolysis of Chloroform and Iodoform. — CUorofonn, 5 cc. ; soda, 
5 grams ; spirit, 50 cc. Boil in reflux apparatus, and when odour has 
disappeared distil off the alcohol on a water-bath- Prove that the 
residue contains chloride and formate. lodaform, similarly, but without 
reflux apparatus. 


Chapter xiv 

77. hy Reduction . — A very small fitted with a cork and 

delivery tube^ is filled with granulated zinc, which is cleaned by covering 
with dUute sulphuric acid until action has set in ; it is then washed with 
water, and coated with copper by covering with a very dilute solution of 
copper sulphate (x gram in 100 cc.). When the zinc is blad^ with reduced 
copper it fe again washed with water, and the flask filled up with spirit, 
Gontaimng 10 cc. of ethyl hrmnide (or iodide) ; gas is slowly evolved, and 
is cdlect^ dmrlng the xdg^t in a large jai or over water. Next day 
the accumuto^ gas is decanted into smaller vessels, and examined as 
with methane (f 72 )* 
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[79. Purification and Properties of Light Petroleum.— Purity 50 cc. of 
“ benzoline ” (from oil-shop) by shaking successively with strong soda, 
concentrated sulphuric ^acid, and water; dry with cdcium chloride, and 
fractionate carefully (the vapour is heavy and very inflammable). Prove 
that there is no action with concentrated sulphuric or nitric acids, bromine 
water or alkaline permanganate.] 


CHAPTER XV 

%2. Preparation of Crude Aldehyde. — From alcohol j Run a cold mix- 
ture of 45 cc. spirit, I20 cc. water, and 22 cc. concentrated sulphuric acid 
slowly, from a tap funnel, into a distilling hask containing 30 grams bi- 
chromate (small crystals, not powder], cooling if necessary. Afterwards 
heat on water-bath, hut not with flame. Redistil distillate, noting odour 
and b.p, 

[82. Preparation of Aldehyde- Ammonia and Pure Aldehyde. — Large flask 
(Fig. 16) with 100 grams potassium dichromate in large crystals (or 90 
grams sodium dichromate in 200 cc. of water — in which case only 300 cc. 
of water with the alcohol and acid). Run in from a tap funnel, drop by 
drop, a mixture of 150 cc. spirit, 400 cc. water, and 72 cc. concentrated 
sulphuric acid ; cooling with water if action is too vigorous. The reflux 
condenser is supplied with warm water (about 30°), best by passing con- 
denser water to bottom of a small flask (not shown in photograph) heated 
in a water-bath ; the temperature is given by a thermometer just through 
the cork of the flask — the slower the cu.-ient of water, the higher the tem- 
perature. The Volhard trap is made from two gas cylinders (or large boil- 
ing tubes) with well-fitting corks, and the connections must be wide, to 
prevent choking by crystals.* 

The ammonia gas is obtained by beating .880 ammonia in the middle 
flask, and is dried over quicklime. The ether (50 cc.) must be dried for 
two days over calcium chloride, and poured off before use.. When am- 
monia passes freely through the ether, pour the liquid off, and scrape the 
aldehyde-ammonia out on a porous plate. Yield 25-30 per cent. 

Dissolve the aldehyde- ammonia (20 grams) in 20 cc. ice-cold water, and 
add ice-cold, dilute sulphuric acid until distinctly (but not strongly) acid. 
Then warm cautiously on water-bath, dry vapour with warm calcium 
chloride (U-tubes in beaker at 40-50®), and condense at 0° (an ordinary 
condenser may be used, the cooling water fiirst passing, slowly, through a 
bottle packed with ice). Yield 80 per cent. 

83. Qualitative Tests for Aldehyde. — Odour. Silver reduction [§44). Re- 
duces alkaline copper tartrate (§ 159). Rosaniline test ; one drop of dye 
solution only, much sulphurous acid. Aldehyde resin, Phenylhydrazone : 
3 (kops of phenylhydrazme in 3 drops of glacial acetic acid j add 5 cc. ol 
Water, and filter if necessary before adding the aldehyde. 

83- Reduction of Acetic Acid to Aldehyde, — Acetyl chloride and sodium 
^^gam as before (§ 36), but stop after an hour, acidify and distil. Test 
distillate as above. Barium formate method : Acetate from 50 cc. B.P. 
or 20 cc.,^tial add in same way as formate (§ 44) ; 5 grams formate ; S 
^aim acetate ; mix as described.- Distil as Fig. 17, § 88, heating feqm 
^h^d; the tube should slope downwards towards the month. Collect 
“istihate ia a little water. Filter and test. 

P P 
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83, Oxidation of Aldehyde to Acetic Acid. — Add 5 cc. aldehyde in 50 cc. 
water to acid permanganate, in a reflux apparatus, precisely as with 
alcohol (§27), but cautiously, as the action is ‘violent. Test the dis- 
tillate for acetic acid. • 

83. Reduction of Aldehyde to Alcohol. — Add gradually 50 grams 4 per 
cent, sodium amalgam (§36) to 5 cc. aldehyde in 50 cc. water, keeping 
solution always distinctly acid with dilute sulphuric acid, or aldehyde 
will be resinified. When the odour of aldehyde has disappeared, pour 
from the mercury, distil, and test for alcohol. 

[85. Ptmldehyde and Meialdehyde.—¥xom pure aldehyde in manner 
described. Metaidehyde also from crude aldehyde and calcium chloride— 
24 hours. Pure aldehyde may be made by boiling commercial paralde- 
hyde with a small quantity of concentrated sulphuric acid in a reflux 
apparatus, with condenser at 50° (§82) to return any unchanged par- 
aldehyde.] 

86. Formaldehyde. — Fit a 3-inch length of combustion tube with corks 
and leading tubes, introduce a 2 -inch roll of copper gauze, and connect («) 
to filter pump, through a small wash-bottle, cooled in water {short tube to 
pump) ; (6) to short tube of small wash-bottle, immersed in vessel of water 
at 40®, and containing 20 cc. of methyl alcohol (inlet tube for air beneath 
alcohol). Heat copper roll to dull redness, and set pump going. Test 
dilute formaldehyde which collects in flask. All tests as with acet- 
aldehyde (but no resin) ; neutralises ammonia. Add a few drops to 
some' milk (or fragment of cheese ground up with water), and then con- 
centrated sulphuric acid to form a lower layer ; a violet ring is formed at 
the junction, 

86. Oenanthaldehyde, — Distil 5 cc. of castor oil briskly from a test-tube j 
shake crude distillate with dilute soda, separate upper layer, and examine 
by aldehyde tests. ^ 


CHAPTER XVI 

88. Acetone. — Powder 50 grams barium acetate, and dry in porcelain 
dish on sand-bath j distil in 4 portions. Shake crude distillate with twice 
its volume of bisulphite solution (a greenish liquid, made by saturating 
warm water with sodium metabisulphite). Dry crystals on plate, and 
then as described. Qualitative tests on dilute liquid (or salt out with cal- 
cium chloride) : hydrazone as aldehyde, but no resin, silver or rosauiline 
if pure ; chloroform (odour) with bleaching powder. 

[89. Acetoxinie.—'Xo a solution of 3 grams hydroxylamine hydrochloride 
in 5 cc. water add grams of dry sodium carbonate dissolved in 10 cc. 
water, and then 4 cc. of acetone ; cork and leave over night. Next day 
shake. in a tap-funnel with 20 cc. ether, pour off the ethereal solution of 
acetoxime, and repeat with another 20 cc. Filter the combined extracts 
through a small filter (wetted with ether), and evaporate the ether in a 
small dish over warm water (no flame). Transfer the residue to a watch- 
glass, keep melted on a water-bath until free from ether and water, and 
allow to crystallise. Takem.p. Yield 70 per cent. Warm a small portion 
of acetoxime With alkaline copper tartrate (§ 168) ; there is no reduction 
(if free from hydroxylamine). Dissolve another p^ion in a little concen- 
trated hydroehlodo add, and evaporate to dryness on a water<bath ; the 
Residue (hydroxylamitie hydrochloride) now r^uoes Fehling^ solution.] 
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90- Oxidation of Acetone . — Add gradually through reflux condenser 5 
cc. acetone in 50 cc. water, to solution of 13 grams permanganate in 
100 cc. water, acidified with 10 cc. concentrated sulphuric acid. Prove 
carbon dioxide. Distil when permanganate is no longer decolorised on 
'boiling, and test for acetic acid. 

[91. Zinc Methyl . — Dry reflux apparatus ; small U-tube at top with 
drop of mercury in bend. In flask, intimate mixture of 15 grams zinc 
dust and 5 grams reduced copper ; add 15 cc. methyl iodide and proceed as 
directed^ dry the carbon dioxide (§ 45 ). (Reduce copper as in § 260, but dry 
on porous plate, and finally at ioo°.) The zinc methyl must be received 
in tubes drawn out at the neck (condenser end being also drawn out), and 
sealed immediately.] 

92. Isopropyl Alcohol . — Acetone (10 cc.)with sodium amalgam, exactly 
as with aldehyde. Renew mercury as it becomes hquid ; repeated treat- 
ment with the amalgam is required (altogether 25 cc. of mercury, with 14 
grams of sodium). When hydrogen at last comes off freely, pour off and 
distil ; finally, salt out and dry with solid caustic soda. Note b.p., and 
action of sodium and acetyl chloride. Isopropyl acetate, fruity odour. 

[93. Isopropyl Iodide . — Glycerol 16 cc., water 16 cc., iodine 28 grams ; 
mix well in distilling flask, warming if necessary ; cool, add slowly 5 grams 
yellow phosphorus in small pieces (need not he dry), replacing cork at 
once (no thermometer). When all the phosphorus is added, return dis- 
tillate to 'flask, and redistil to dryness from a water-bath ; repeat this 
three times. Then purify as with ethyl bromide (§ 20) and redistil for 
boiling-point. Yield 30-35 per cent.] 


CHAPTER XVir 

[9^. Isohufyl Alcohol . — Boil 2 cc. commercial isobutyl alcohol in a 
reflux apparatus in a sand-bath, with 20 grams dichromate and 20 cc. con- 
centrated sulphuric acid in 200 cc. water; small fragments of porous 
e^urthenware must be added to stop bumping. Pass the evolved carbon 
dioxide through a Volhard trap (Fig. 18, § 114) containing lime-water, and 
note the relatively enormous quantity. When the evolution of gas ceases, 
distil j dilute distillate to 500 cc. and again distil briskly. Any unoxidised 
isobutaldehyde and isobutyric acid pass over in the early portions (test) ; 
neutralise the later distillate with sodium carbonate, boU down to dryness, 
and prove residue is sodium acetate. Analyse silver salt.] 

[98- Tertiary Butyl Alcohol . — Dissolve 4 grams of bright magnesium 
turnings in a solution of 10 cc. of dry methyl iodide in 10 cc. dry ether 
(as in § 45) ; moderate the action by cooling the distilling flask, as it is 
very vigorous. When the metal has nearly dissolved (there should be a 
slight excess), cool well, and add cautiously 12 cc. of dry acetone. When 
the action is again finished, distil off the ether (water-bath), acidify the 
residue with dilute sulphuric acid, and distil. The tertiary butyl alcohol 
floats on the wat^ (salt but the dissolved portion with caustic soda, and 
separate the upper layer) ; dry with solid soda ; redistil ; crystallise by 
Cooling in , ice or ice and salt, if necessary. Yield 40-50 per cent. Try 

action of acetyl chloride.] 



580 


Appendix 


CHAPTER XIX 

103. Etkylene.~To prepare sample of gas, heat 10 cc. spirit with 30 
cc. sulphuric acid in a distilling flask at 180® [thermometer in liquid) ; wash' 
with caustic soda, and collect over water. Note odour, taste. Luminous 
flame. Instantly decolorises bromine water, and dilute alkaline perman- 
ganate (§72). From ethyl bromide; 5 cc. bromide in test tube, con- 
nected with 6 in. length of hard glass tutfe containing 3 in. spda-Iiiiie, 
packed with asbestos at ^ each end ; heat to redness with one burner ; 
boH bromide gently, and collect evolved gas. Wash and test as before ; 
test residual soda-lime for bromide. 

104. Ethylene Bromide. — Ethylene from alcohol and 50 cc. syrupy 
phosphoric acid, as described, running in alcohol heneath the surface of the 
liquid, as in making ether ; the thenrwmeter bulb must be beneath the 
surface. Pass gas through (i) water, and (2) concentrated sulphuric acid, 
into large flask containing 10 cc, bromine and, 10 cc. water. Purify as de* 
scribed. Note odour, b.p., m.p., and sp.gr. Yield 90 per cent. 

106, Olefines in Coal Gas.— Pass coal-gas into small flasks containing 
bromine water and dilute alkaline permanganate {§72); note decolorisation. 


CHAPTER XX 

109, no. A celylenc.—Etom 3 cc. ethylene bromide and soda-lime in same 
way as ethylene. Odour ; smoky flame ; silver and copper compounds. 
Silver ; 0.5 gram nitrate in 5 cc. water, acid ammonia until precipitate 
just redissolves ; use 2 cc. Copper : 5 gratns turnings and 3 grams copper 
oxide, boiled with 20 cc. concentrated hydrochloric acid until a brown, 
S3nrupy solution is obtained. Pour off into some cold, recently boiled, 
distilled water, allow precipitated cuprous chloride to settle, and dissolve 
in 25 cc. cold saturated aromonium chloride ; keep in stoppered bottle, 
full to stopper and containing some copper turnings. Use 5 cc. with 
enough ammonia to redissolve initial precipitate. From Bunsen flame; 
strike back, and test with small inverted flasks moistened with the 
metallic solutions. From calcium carbide ; fragment under beaker at 
pneumatic trough, Quickly, with tongs ; or, for larger quantity, place 
carbide in small flask, with 4elivery tube, and drop water cautiously from 
a tap-funnel (take care that dl air is expelled, before co’fiecting). Examine 
gas as before. 
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CHAPTER XXI 

[114. ChloraceHc Acid.— Boil 100 cc. glacial acid gently with 10 grama 
flowers of sulphur, with reflux, in bright daylight (direct sunlight if possible), 
and pass chlorine in until a few drops of the product crystallise at 0“ (6 to 
12 hours, according to light). Fractionate ; above 180® crystallises ; drain 
quickly, because hygroscopic ; take melting-point. Yield 50 per cent. 
Acid is very corrosive.] 

[114. Btomdceiic Acid. — Heat 40 cc. glacial acetic acid with 10 cc. acetyl 
chloride (crude, poured off phosphorous acid, § 34), 2 hours in reflux 
apparatus on water-bath. Cool ; add 50 cc. bromine ; attach trap 
( 100 cc. water), and heat i hour on water-bath. When bromine has dis- 
appeared, distil product, and as soon as distillate freezes readily, collect 
apart, and drain crystals. Determine melting-point ; test fgr halogen. 
Bromacetic Vid is very corrosive. Yield 80 per cent.] 

[114. Trichloracetic Acid. — Warm 10 grams chloral hydrate with 8 cc. 
red nitric acid (sp.gr. 1.5) in flask (draught) until action starts, and finally 
boil gently to complete actioh. Fractionate (as with acetamide, § 53, no 
condenser at final stage), colfect 180-200° ; crystallise ; take melting, 
point. Yield 50 per cent. Prove hydrolysis to chloroform and carbonate 
on I gram.] 

1 1 5 ' Chloral Hydrate— ^Aydvoly^e 1 gram with cold soda; filter from 
chloroform (which prove), boil briskly, and test for formate. Reduces 
ammoniacal silver quickly, and alkaline copper tartrate (§ 159), Reduce 
I grain in water with sodium amalgam in same way as aldehyde ; after 
two or three days pour ofl, distil and test for alcohol. 

115. Qualitative Tests for Chloral Hydrate. — Volatile with steam. Odour. 
Hydrolysis. Reduces ammoniacal silver ,and alkaline copper tartrate. 
Phenyl isocyanij|p as with chlproform. Gives reddish-brown precipitate 
with armnonium sulphide, especially on warming. 

1 15. Chloral.- — Cover 2 grams chloral hydrate with concentrated sul- 
phuric acid in a test-tube, and warm gently. Liquid chloral floats. 
Remove with fine pipette, and add i^drop of water ; heat is evolved, and 
the hydrate is re-formed* 


CHAPTER XXII 

fiig. Glyi^Uie Acid.— A. fair yield by^ boiling pota^ium chloracetate 
Promacetate solution (cjcorffy neutralised) with reflux for several hours, 
otassium chlcnde separates on concentration; evaporate renaming 
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solution to dryness, and extract acid with hot acetone. Ngte acidreaetion 
of solution ; evaporate.] 

119. Gly collie Acid. — Dissolve lO grams powdered g8 per cent, potassium 
cyanide in 50 cc. water, and add 13 cc. 40 per cent, formaldehyde, warming 
{not above 30®) until dissolved ; leave for an hour, and th^ add slowly 
(in draught) cold, dilute hydrochloric acid (33 cc. concentrated acid in 
50 cc. water), stirring well. Roil to expel any prussic acid, and evaporate 
to dryness on water>bath. Powder residue, and boil in reflux apparatus 
with 25 cc. acetone ; evaporate filtered extract (note acid reaction). Distil 
some crystals of glycollic acid with concentrated sulphuric acid ; note 
carbon dioxide and sublimate of parafor^ldehyde. Oxidise some crystals 
with nitric acid ; evaporate to ^yness and test for oxalic acid, 

[120. Glycol. — Boil 10 cc. ethylene dibromide, 16 grams dry potassium 
carbonate, 150 cc. water, in reflux ap^ratus for 2 hours ; or until bromide 
has disappeared ; distil with steam (Pig. 21, § 244) and evaporate. Note 
sweet taste, and oxidation to oxalic acid.] 

121. Glyoxylic Acid. — To 10 cc. saturated solution of oxalic acid, add 
enough sodium amalgam to fill one -third of the test-tube. After an hour 
pour off from the mercury, and neutralise exactly. Apply aldehyde tests 
(silver, rosaniline, phenylhydrazine acetate) ; add a few drops to some 
white of egg solution, followed by concentrated sulphuric acid — violet 
ring. 

[12 1. Glycollic Aldehyde. — Dissolve a crystal of ferrous sulphate in a 
solution of glycol (cold), and add an equal bulk or hydrogen peroxide 
solution. Shake brown product with precipitated bariufn carbonate, and 
filter. Tail colourless solution by aldehyde tests.] 

122. Oxalic Acid from Sugar.- — Add 100 cc. concentrated nitrjc acid to 
25 grams cane sugar in 130 cc. water, and warm (very heavy fumes). Re- 
crystallise from small quantities of water until free from nitric acid. Note 
acid reaction, and loss of water at 100° ^st tube in beaker of boiling 
water ; with current of dry air, drawn mst through calcium chloride) ; 
note sublimed crystals. 

122. Qualitative Tests for Oxalates. — Calcium salt (calcium chloride to 
neutral oxalate) insoluble in water and boiling acetic acid ; heated gently 
on platinum foil leaves a residue of calcium carbonate, which effervesces 
with acids. With concentrated sulphuric acid, gives carbon monoxide 
and dioxide. With warm acid permanganate, carbon dioxide is evolved, 
and permanganate decolorised. 

123. Ammonium Oxalates. ^SolvLtion of 20 grams acid into two equal 
parts. First exactly neutralised with ammonia, and evaporated to crystal- 
lisation-normal oxalate. Second again divided ; half neutralised, mixed 
with remainder, and evaporated as before — acid oxalate ; note^i^ifferent 
shape of crystals and acidity to litmus. 

123. Etf^yl Oxalate. — Crystallised oxalic acid (40 grams) is dehydrated 
in a flaSk as above (§ 122) until there is no further loss of weight (ii| grams 
loss). Heat with 25 cc. dry alcohol as directed (thermometer in liquid), 

f ^ihg in vapour of 33 cc. more as in steam distillation. Fractionate ; 

te b.p. and sp.gr. Use the distilled alcohol for oxamide (below). Hy^ 
drblysis as usual {§ 40) ; prove alcohol and sodium oxalate.# I*' 

124. Oxamide. — Ammonia to distilled alcohol from ethyl oxalate pre- 
paration; also to I cc. of pure ethyl oxalate. Wash precipitate, dry and 
filter. Hydrolysis in test tube ; prove ammojiia and oxalate. Niteous 
' acid»^as awtamide ( 555 )* 
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[124. Oxalonitrile . — Heat i gram of oxamide with a little phosphorus 
pentoxide in small bulb tube, and note pink flame of cyanogen {very 
poisonous). Dissolve yellow mercuric oxide in hot dilute prussic acid, 
evaporate the clemr solution, and crystallise and drain mercuric cyanide* 
Heat dry crystals in small bulb-tube and again note pink flame. 

[124. Oxamide from Cyanogen , — Dissolve 25 grams crystallised copper 
sulphate in 75 cc. water in a distilling flask (water-bath), and add slowly, 
from a tap-fimnel a warm solution of 12 grams 98 per cent, potassium 
cyanide in 25 cc- water {drau^fif cupboard ; cyanogen gas is extremely poison^ 
Pass the evolved cyanogen into 20 cc, cold concentrated hydro- 
chloric acid, and when alk the cj^ide has been added, expel the second 
equivalent of cyanogen by adding, in the same way, a solution of 16 grams 
of ferric chloride in 20 cc, water. If the hydrochloric acid is kept cool, 
there will now be a copious crystalline precipitate of oxamide. Col- 
lect on a filter, wash with water, and dry ; test by hydrolysis to sodium 
oxalate (test) and ammonia.] 


tHAPTER XXIII 

127. Glycerol . — Saponify fat with aqueous soda (§ 48), and distil dear 
lye with steam (§ 244). Evaporate on water-bath, and test syrupy 
residue for glycerol, comparing with stock. Qualitative Syrupy ; 

sweet ; leaves syrup on water-bath. Boiled to dryness with large excess of 
dry potassium hydrogen sulphate, turns brown and gives pungdfit acrolein, 
which collected in water reduces silver, resinifies with soda, and gives 
rosaniliiie test. Dry glycerol interacts vigorously with acetyl chloride 
(warm) ; benzoate with benzoyl chloride (§ 270). 

129. Glycerose . — Mix 5 cc. ^(kerol with 5 cc, water, and add solution of 
i gram crystallised ferrous sulphate in 5 cc. water. Add slowly 20 cc. of 
20 volume hydrogen peroxide (or more of weaker), keeping cool. When 
cold, shake with excess of precipitated barium carbonate, and filterr* 
Boil ofl water from clear filtrate under diminished pressure (Fig. 20), 
not above 50°. Residue sweet ; gives silver, rosaniline and phenylhy. 
drazine tests (compare § 185}. 

[129. Glyceric Acid.—yiSx 30 cc, glycerol with 38 cc. water ; add, through 
long funnd, 26 cc. red nitric acid, sp.gr. 1.5, and proceed as directed.] 


CHAPTER XXIV 

131. Allyl Alcohol . — Heat 20 grams oxalic acid with 30 cc. glycerol, and 
i gram ammonium chloride ; collect formic acid apart ; and stop at 260® 
(thermometer in liquid). Note b.p., sp.gr,, action of acetyl chloride 
(fragrant acetate), bromine water and alkaline permanganate 
Oxidis^ a littl^ to acroldn by distillation with obromic acid mixture, and 
test acrolein (§ 132). 

[131. Allyl /odide.— Add 25 grams iodine to 30 cc. df}‘ glycerol (dried by 
heating at 175®) in distilling flask ; dioxide washed with sodium bicarbon- 
ate solution, dried with sulphuric acid ; tube into flask through ordinary 
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cork, no thermometer. Add 8 grams yellow phosphorus in small pieces : 
weigh in water, dry each piece quickly with filter p«per, remove cork, and 
teplace at once after each addition of phosphorus,, warming to start 
action. Yield 65 per cent. Hydrolysis.-— BoW i cc. wilk water in a reflux 
apparatus, and test with water for hydriodic acid.] 

132. Acrolein. — Distil 5 grams glycerol with 10 grams potassium hydro- 
gen. sulphate, from test tube with bent tube to condenser. Dissolve crude 
product in water and filter. Note odour,' silver, rosaniline, resin and 
action of bromine water. 

[132. Acrylic .Acid. — From i cc. acrolein and moist silver oxide (from 10 
grams nitrate), as directed ; exactly prdSpitate silver with sodium carbon- 
ate, filter, and note action of bromine water and alkaline permanganate 
on portion; distil remainder with dilute .sulphuric acid, and repeat tests 
on acid distillate.] 

133. Note action of olive oil on bromine and permanganate. 

[133. Oleic Acid. — Freeze stearin from olive oil, and saponify 10 cc. 

liquid olein with ro grams litharge and 200 cc. water (reflux). When 
oU has disappeared, wash and dry soap (test liquid for glycerol), powder 
and extract with ether ; filter, and separate oleic acid as directed. Note 
action of bromine water and alkaline permanganate.] 


CHAPTER X^V 

[136. Lactic Acid. — Dissolve 100 grams loaf sugar and 0*5 gram tar- 
taric acid in 500 cc. water. Also leave 150 ce. skim milk to turn sour, and 
4 grams of moistened cheese to putrefy, in « warm place- After a week 
add these, and 50 grains powdered zinc caAonate. Not above 30® or 35^1 
i^y. Aldehyde from Lactic Acid, — Mix 3 cc. of commercial lactic acid 
with 5 cc. concentrated sulphuric acid ; warm gently and notd carbon 
monoxide (blue flame). Pour product into 5 cc, water, and distil i cc. into 
some water (use test-tube apparatus, § 19) ; distillate contains aldehyde— 
apply silver, rosaniline and resin tests. 

137. Qualitative Tests for Lactic Acid. — Aldehyde as above. Add a drop 
of fenic chloride solution' to one of phenol, and then some lactic acid ; 
the almost opaque violet changes to bright yellow. 

140. Solid FortnulcB. — Cut out a cardboard equilateral triangle, with 
2-inch sides. Bisect the si^es, and join up the points of bisection. Score 
with a penknife along the sides of the inner equilateral triangle thus formed, 
fold it up to a tetrahedron, and fasten with sealing wax. Indicate groups 
by flag labels fastened to the apices with pins. Try supaposition and 
mirror relations. 


CHAPTER XXVI 

Ethyl Acetoacetate. — Dissolve 8 grams bright sodium in 8o.ee. 
dry ethyl acetate; proceed as directed; 25 cc. glacial acid, 25 cc. water, 
Yifeld 35 Pwr cent; on. acetate not recovered. To stop bumping in distil- 
Matiomiwder reduced nressure, bubbles of air are nassed dowiv through the 
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liquid from a fine jet just touchiag the bottom of the flask; the £ur fr 
regulated by a damp at the top (above tliermometer» Fig. 20).] 

[145. Acetgacetic Synthesis of Butyric Dissolve 2 grams clean, 

bright sodium cc. dry alcohol in a small reflux apparatus ; add 10 cc. 
ethyl acetoacetate, shake, and theu add 6 cc. ethyl iodide. Boil on water- 
bath until neutral (about 2 hours). Distil ofi alcohol on water-bath, wash 
residual oil with brine, and separate. Boil the alkylated ester in a reflux 
apparatus with 10 grams potash in 30 cc. spirit and 5 cc. water ; when the 
action is complete add more water, and boil off the alcohol ; then add 
excess of dilute sulphuric acid, and distil with steam. The butyric acid 
comes over much faster than the acetic acid ; note the odour. Neutralise 
the early part of the distillate, and isolate calcium butyrate (§ 45) i test.] 


CHAPTER XXVII 

(148. Eikyl Malonate. — Neutralise 30 grams chloracctic or bromacetic 
acid in 60 cc. water with powdered sodium carbonate ; add 19 grams 
powdered 98 per cent, cyanide, and evaporate on a sand bath until viscid, 
and temperature of mass is 130“, Break up solid when cold, add 50 cc. 
spirit, and then, cautiously, a mixture of i2 cc. dry alcohol and 50 cc. con- 
centrated sulphuric acid (in draught). Heat the product on a water-bath ; 
cool ; add 60 cc. water, and extract twice with 25 cc. ether. Dry ethereal 
solution with anhydrous sodium sulphate, distil ether (§ 249), and frac- 
tionate. Note b.p. and yield (45 per cent.).] 

[148a. Malonic Acid Synthesis of Buty/ic Acid. — On lo cc. of ethyl 
malonate. Calculated quantities. Note b.p. and m.p. of ethyl derivatives, 
and identify butyric acid (yipld : 50 per cent, on ethyl malonate).] 

149. Succinic Acid. — Qualitative Tests: Calcium salt soluble, except 
in presence of alcohol and ammonia. Ferric salt red and gelatinous ; no 
crystals with hydrdthlpric acid. Acid melts on platinum foil, gives off 
suffocating fumes, and burns with clear flame. .* Add 17 grams 

pure powdered cyanide to 10 cc. ethylene bromide in 80 cc. spirit and 
20 cc. water, proceeding as directed. After filtering potassium bromide 
from cold product, boU with 10 grams caustic soda, and isolate succinic 
acid. Yield 50 pCT cent.] 


CHAPTER XXVIII 

154. Maleic Anhydride. — Heat i gram of commercial malic acid in a test- 
tube until part of it has sublimed. Scrape out sublimate of maleic anhy- 
dride, boil iwith water, and cool. Note acidity of resulting solution, 
decolor isation of bromine water, and (after neutralisation) of cold, dilute, 
alkaline permanganate. 


CHAPTER XXIX 

159* Tartaric Acid. — Prepare from 30 grams argol. Note m.p. ; test, 
159* Qualifat^ Tests for Tartaric —Chars on heating ; burnt sugar 
odour.. Calcium salt (calcium chloride and neutral tartrate) appears in 
cold, but is soluble in acetic acid and caustic soda ; reappears on boiling 
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latter solution. Tartrate to copper sulphate prevents precipitation of 
oxide fey caustic soda, simply dark blue solution. Tartrates reduce am- 
moniacal silver nitrate {distinction from citrates). Potassium hydrogen 
tartrate (potassium chloride and acetic acid) is sparingly soluble, and 
appears on rubbing sides of tube. A drop of ferrous sulphate solution, 
followed by a drop of hydrogen peroxide, and then caustic soda, drop by 
drop, gives a violet colour. 

[159. Ethyl Tartrate.— Dissolve 15 grams powdered tartaric acid in 
45 cc. dry alcohol (on water-bath), add 15 cc. dry alcohol, previously 
saturated cold with dry hydrogen chloride, and boil on water -bath for 3 
hours. Cool, expel bulk of hydrogen chloride by aspirating dry air, , and 
pistil off excess of alcohol well below yo°, in a good vacuum j carefully 
neutralise remaining acid with dilute ammonia, and leave syrupy residue 
in a basin in a vacuum desiccator over quicklime. Next day pour off from 
ammonium chloride, and distil under diminished pressure (165° at 20 mm.). 
Note solubility of a drop of the ester in water. Yield 70 per cent. Add 
excess of acetyl chloride, warm to complete the action, cool and add an 
equal volume of water ; the ethyl acetyltartrate seysird-tes as an oil, which 
eventually crystallises. Recrystallise from water, and take m.p., 60'’.] 

[160. DihydroxymaUlc Acid. — Dissolve 10 grams tartaric acid in 5 to 
10 cc. of hot water, add o.i gram of reduced iron and keep hot until dis- 
solved. Cool in ice, and add 20 volume hydrogen peroxide [keeping ice- 
cold) untU colour has changed through yellow and dark green to black (mix 
well). Draw out a thistle-funnel to a narrow jet, and add through it in small 
quantities (keeping ice-cold) one tenth the total volume of Nordhausen 
sulphuric acid. Keep in ice overnight, drain crystals at pump, and wash 
with ice-water. Yield 40 per cent. Powerful acid ; gives with ferric 
chloride a blackish colour, which is tiurncd intense violet by alkalies (de- 
stroyed by excess). Warm with water to 60° ; brisk effervescence of 
carbon dioxide; glycollic aldehyde remains, ’which test (§ 121).] 

[161. Racemic Acid.—DodX 5 grains of Rochelle salt with 10 grams * 
caustic soda in 15 cc. water (small reflux, sand-bath,- 1 hour, nearly boil- 
ing) ; dilute, and nearly neutralise with hydrochloric acid ; acidify with 
acetic acid, and add a strong solution of calcium chloride, stirring well. 
Collect and wash precipitated calcium racemate, and apply tartaric tests.] 

163. Solid Formulae of Tartaric , 4 Fasten pairs of tetrahedra 
together with wire fasteners before sealing up. Six tetrahedra are wanted 
for a complete set. 

164. Qualitative Teds for Citric Add. — Calcium salt appears only on 
boiling. Citrates do not reduce silver. Acid potassium salt is soluble. 

164. Conversion of Citric Acid into Acetone. — Cover 10 grains of citric 
acid crystals with concentrated sulphuric acid, in a small flask furnished 
with cork and gas jet. Warm gently, until the evolved gas ceases to burn 
with a blue flame (carbon monoxide). Continue heating until the product 
shows signs of charring (prove carbon dioxide is evolved). Cool, mix with 
an equal bulk of water, and distil with thermometer in vapour until 90® 
is reached. Prove distillate is dilute acetone : phenylhydrazine, bisulphite- 
and oxidation with hypochlorite and permanganate (§§ 88-90). 
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CHAPTER XXX 

167. Qualitative Tests for Cane Sugar. — Non-volatile'. Syrup or crystals 
when evaporated on water-bath. Chars with heat or concentrated sulphuric 
acid ; burnt sugar odour. Pale yellow with boiling caustic soda. No 
reduction of alkaline copper tartrate, unless solution is previously boiled 
\vith a drop of dilute hydrochloric acid and neutralised. No osazone. 

[167. Estimation of Cane Sugar, — Invert loo cc. of solution, which should 
contain about :j^gth of its weight of sugar, by heating it at ioo° for 15 
minutes with 0.5 cc. concentrated hydrochloric acid. Neutralise with 
sodium carbonate, make up to 500 cc,, and then as with glucose (below) F 
10 cc. Fchling’s solution =0,0475 gram cane sugar.] 

* 1G8. Hydrolysis of Cane SMgflr.— Heat solution of i gram sugar in 50 
cc. water with a few drops of dilute hydrochloric acid on a water-bath for 
15. minutes. Neutralise with sodium carbonate, and test with alkaline 
copper tartrate, as with glucose. Test original sugar solution also. 

168. Glucose. — Add 35 grams powdered cane sugar by degrees (as dis- 
solved) to 100 cc. spirit with' 4 cc. concentrated hydrochloric acid, keep- 
ing at 45*. In a few days at the ordinary temperature the glucose (being 
less soluble than, the accompanying fructose) crystallises out. Drain 
at the pump, or on a plate, and recrystallise from dilute methyl alcohol; 
add the hot alcohol to the hot syrup until slightly turbid, clear with a 
drop or 50 of hot water, and allow to cool. Yield 50 per cent. 

16S. — Qualitative Tests for Glucose. — Meltingpoint. Non-volatUe. Sweet 
syrup when evaporated on water -bath. Not blackened by concentrated 
sulphuric acid, if pure. Dark brown product with boiling caustic soda. 
Reduces alkaline copper tartrate on warming (2 grams copper sulphate 
and 10 grams Rochelle salt in 20 cc. \vater ; keep this, and add to 1 cc. 
just before use the same volume of a solution of 3 grams caustic soda in 
20 cc. water). Reduces ammonio-silver nitrate. Reduces copper-acetic 
solution on boiling for 2 minutes (see § 170). Reduces bismuth hy- 
droxide (bismuth nitrate and caustic soda). Crystalline osazone (§ 185). 

[i68. Estimation of Glucose. — Fehling’s solution : Copper and alkaline 
tartrate solutions mixed just before use, as mixed solution does not keep 
well. Solution A : 17.32 grams recrystallised copper sulphate (exactly 
w'eighed) dissolved in 150 cc. water, and cold solution made up to exactly 
250 CC- Solution B : 35 grams caustic soda and 90 grams recrystallised 
Rochelle salt dissolved in 150 cc. water, and cold solution made up to 
exactly 250 cc. To estimate sugar in .solution, place 5.00 cc- A, and 5 cc. 
B in small flask, with 40 cc. water (and piece of porous plate to check 
bumping), and boil.. Then run in sugar solution from burette, cautiously, 
until colour of supernatant liquid is just faintly yellow after precipitate 
has settled (white paper behind flask), i mol. glucose (180) reduces 5 
mols. copper sulphate (1247), so that 5 cc. of latter (0*3464 gram) =0*05 
gram ^ucose; this is therefore the quantity in the amount of 
solution required to decolorise the copper. If the strength of the sugar 
solution is less than ^ gram or more than i gram per 100 cc., the results 
are only approximate, and the estimation must be repeated on a more 
concentrated or dilute solution. If Fehling’s solution is old, check by 
inverting 0*4^5 gram cane sugar (§ 167), and making up to 100 cc- ; 10 cc. of 
this should Just decolorise 5 cc. of copper sulphate. 
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170. Sugar . — Cardie 100 cc. milk at 30® with one drop of hydro* 

chloric acid. Evaporate filtered and neutralised whey to syrup ; cover up 
and leave to crystallise. Qualitaiive Tests . — Gritty and only slightly 
sweet. Sparingly a«id slowly soluble in cold water. Does not blacken 
when heated with concentrated sulphuric acid. Does not colour with 
caustic soda. ' Reduces alkaline copper tartrate, but does not reduce 
copper-acetic solution on boiling for 2 minutes (1 gram copper acetate, 
25 CO. water, 20 drops B.P. or 8 drops glacial acetic acid). Forms osazone, 
characteristic crystals. 

[170, Estimation of Milk JSvgar.—A 5 with glucose, but 5 cc. copper sul- 
4)hate =0*067 gram, lactose.] 

172. Fermentaiion of Glucose,— Add a teaspoonful of yeast to 5 grams' 
glucose in 100 cc. water, in a large flask with delivery tube ; and keep 
at 30®. Note carbon dioxide, and when action is finished, distil and test 
for alcohol. 

173. Hydrolytic Action of Diastase . — Shake 5 grams starch (commercial 
starch, washed with cold water, and dried on porous plate) With 100 cc. 
water, and heat on water-bath, with constant shaking, until the whole has 
become a homogeneous, translucent jelly. Test with iodine (cold), phenyl- 
hydrazine, andFehling (§ 173). Now cool to 30“, add 5 cc. malt extract, 
and shake well ; the stiff jelly rapidly becomes liquid. Test again as 
above ; the starch has been converted into maltose. 


CH.^PTER XXXI 

176. Starch . — Separate starch from flour as indicated. Allow to settle; 
drain ; dry on porous plate. Qualitative Tests . — Insoluble in cold, soluble 
in hot water. Blue iodide with iodine in potassium iodide ; decolorised 
by heat, colour returns on cooling. No copper reduction. No hydra- 
zone. Hydrolysis to glucose, which reduces copper, and gives hydrazone. 

[177. Estim^ion of Starch . — Heat i gram with 100 cc. water and 10 
drops concentrated sulphuric acid, in an open flask on a water-bath (30- 
60 minutes), until a drop of the solution (cooled) ceases to give blue with 
iodine. Then neutralise with soda and proceed as with glucose; 5 cc. 
copper sulphate =0*0455 starch.] 

177. Hydrolysis of - Starch , — Rub 2 grams to cream with 10 cc. water, 

make up to 200 cc., and heat on water-bath until a homogeneous jelly. 
Boil portion of this with a few drops of dilute sulphuric acid for a few 
minutes, and neutralise ; test with copper, caustic soda and phenyl- 
hydrazine (§185). Dextrin . — Moisten 5 grams starch with 5 drops of 
dflute,sulphuric acid, and heat in test-tube in sulphuric acid bath at 
200® for an hour. The brownish product is now soluble in cold water ; it 
reduces copp^, and gives either a red colour or no colour with iodine, 
but no precipitate with phenylhydrazLne acetate. > 

178. Crf/wtoSff.-^Add excess of concentrated ammonia to copper 

oxide, previotidy precipitated by caustic soda from a boiling solution of 
2 grams coppo: sulphate in 50 cc. wator ; the oxide dissolves ta a deep-blue 
solution (Schweizor’s solution). Add filter paperto this as long as it dis- 
appears ; the paper gdatinises and slowly dissolves ; <Hrd|ftery ui^cd 

tpapcr thus treated superfldaliy and tb^ dried, is rendored water-proof 
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(roofing paper, etc.) Filter and add excess of dilute sulphuric acid j col- 
lect, wash and dry gelatinous precipitate of cellulose. 

178. Hydrolysis of Cellulose . — Dip strips of thick filter paper for a few 
seconds in a cold mixture of 10 cc. concentrated sulphuric acid and 5 cc. 
water ; transfer to wafer and wash until free from acid 5 hang on glass 
rod until dry : the paper is converted into tough, translucent, vegetable 
parchment. Immerse strips of filter paper in 5 cc. warm (not hot) con- 
centrated sulphuric acid ; they swell up and dissolve ; dilute with 30 cc. 
water, boil vigorously, neutralise with calcium carbonate (whitening, as § 25); 
filter, and test for glucose. Dip strips of white calico in a cold solution 
of 5 grams caustic soda in 5 cc. water ; when the fabric has shrunk con- 
siderably, Wash with water, remove residual alkali with dilute hydrochloric 
acid, and finally wash with water and dry on glass rod. The shrunken 
fibres have become smooth and glossy (“ mercerised ”). 

[178. Cellulose NUrate.—A^ directed. Do not convert more than o’5 
gram of cotton, and destroy product after testing.] 


CHAPTER XXXn 

[180- Acetylation of Glucose . — Boil 3 grams of glucose crystals with 
10 cc. of acetic anhydride and a very small fragment of zinc chloride for 15 
minutes (sand-bath, with plain reflux tube) ; evaporate twice to dryness 
on a water -bath, first alone, and then"' with alcohol ; extract pentacetyl- 
glucose with hot, absolute alcohol, and crystallise. Determine melting- 
point, 112“. Yield 50 per cent. Boil some pentacctyl-glucose with 50 per 
cent, sulphuric acid, dilute and distil ; test distillate for acetic acid, and 
residue (after neutralising) for glucose. See also Bcnzoylation, § 270.] 
[180. Mannitol and Sorbitol . — Invert 10 grams cane sugar (§168). Re- 
duce with sodium amalgam in acid solution (as with aldehyde, § 83), and 
note that the copper reducing power eventually vanishes. Evaporate to 
dryness on a water-bath (separating sodium sulphate), and extract with 
strong spirit ; make benzoyl derivative (§ 270).] 

[180. Hexyl Iodide . — Add yellow phosphorus in small pieces (about 6 
grams) cautiously to 20 grams iodine and 20 cc. water in a distilling-flask, 
until the iodine has disappeared. Then add 10 grams of commercial 
marmitol, and after the energetic action is over, distil from an oil-bath in a 
current of washed carbon dioxide. Add small pieces of yellow phosphorus 
to the distillate umtil it is colourless, pour back, and redistil, repeating this 
operation until the hexyl iodide comes over free from iodine. Dry, and take 
boiling-point. Yield 70 per cent. Reduce some hexyl iodide to hexane 
with zinc and dilute hydrochloric acid, in a small reflux apparatus. Wash, 
dry, note boiling-point, and prove there is no action with bromine' water, 
or alkaline permanganate.] 

[i8i. Gluconic Acid and Lactone . — Add yellow mercuric oxide to a 
boiling solution of 5 grams of glucose in 30 cc. water, until it ceases to be 
reduced) test filtered portion by boiling with more oxide). Precipitate the 
mercury from the resulting mercurous gluconate by hydrogen sulphide, 
and evaporate filtrate to dryness. Gluconic lactone is left (yield 30 per 
t^t-) ; noiiilucUon with Fe^ng if free from glucose. Reduce the aqueous 
Uctooe solution cautiously with sodium amalgam, keeping slightly acid 
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with dilute sulphuric acid, pour oif from mercury from time to time, and 
test for glucose with Fehling. (See Mannitol, below.^ 

.[i8i. Saccharic Acid, — Cane sugar 20 grams, nitric acid 30 cc., water 
15 cc. ; proceed as directed.] * 


CHAPTER XXXm 

185. Glucosazone, — Mix 2 grams glucose in 15 cc. water with solution 
of 2 grams phenylhydrazine in just sufficient dilute acetic acid ; both 
filtered. Heat in small flask in beaker of boiling water ; wash ; -Klry. 
Recrystallise from alcohol. Take m.p. by capillary tube method. 

186. Mannose— Add solution of i gram ferrous sulphate (made in qold) 
to solution of 4 grams mannitol in 20 cc. water ; then add gradually 12 cc. 
of 20 volume hydrogen peroxide (or proportionally more of weaker per- 
oxide), keeping cool Make the product just alkaline with sodium car- 
bonate, filter, and test a small portion for mannose, as for glucose. To 
bulk add cold solution of i cc. phenylhydrazine in a slight excess of dilute' 
acetic acid ; after an hour, filter and wash precipitate of mannose phenyl- 
hydrazone, and dry on porous plate. Yield 30 per cent. Recrystalhse 
from dilute alcohol (§ 168) until colourless, and take melting-point, 198®. 

187. Synthesis of Hexoses, — Dilute 20 cc. 40 per cent, formaldehyde with 
180 cc. water, and add finely powdered slaked bine until saturated. Filter, 
and keep in corked flask for a week. Exactly precipitate lime with dilute 
oxalic acid, concentrate filtrate on water -bath, and apply glucose tests. 
Osazone is a mixture, with indefinite melting-point. 


CHAPTER XXXIV 

igi. Urea from Urine, — ^Evap orate 100 cc. fresh urine to one-sixth, on 
a water-bath. Cool syrup and add cautiously 16 cc. concentrated nitric 
acid, keeping cool ; pour off mother liquor from nitrate, and drain on porous 
plate. Redissolve in a few cc. of cold water, reprecipitate with concentrated 
nitric acid, and drain on plate again. Barium carbonate as cream with 
water. Take melting-point. Apply tests. Qualitative Tests. — Non- 
volatile. Crystalline residue on evaporation, especially from alcohol. 
Nitrate. Ammonia 'vrith concentrated soda only. Hypobromite. Cyan- 
mate- Urea nitrate only gives the brown ring test, when the solution is 
mix ed ..with- twice its volume of concentrated sulphuric acid, and the fer- 
rous sulphate floated on it, cold. 

igi. Hydrolysis of Urea.—Bod r gram with very strong caustic soda 
solution — 2 grams in 2 cc, ; prove ammonia and carbonate. Nitrous acid 
as with acetamide — i gram ; prove nitrogen and carbon dioxide — one- 
thira soluble, in caustic soda. Hypobromite i Fill test tube with caustic 
soda, to which bromine has been added (keeping cool) until deep yellow ; 
^yertl^ small basin of soda j introduce quickly gram 4fyurea crys- 
(packed tightly in short tube closed at one end), and compare volume 
.^Tritrogen with tteoretical. 
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[19 1. EsUmation of Urea. — Dissolve a cc. of bromine, without rise of 
temperature, in 20 ce. of 40 per cent, caustic soda, in a 200 cc. flask (the 
colour should be yellow), and pass a small test tube, with 5 cc. of the urine, 
down the neek, without spilling, Cork the flask, place in. a beaker of 
cold water, and and connect through cork, by glass and rubber tube, with a 
clip burette,, which is nearly filled with water and inverted in cylinder of 
water. The burette is now raised or lowered until the level of the water is 
the same inside and outside, and the reading is noted. The clip is next 
opened, and the urine slowly poured into the hypobromite by tilting the 
flask, the clip being left open untU the latter has regained its original tem- 
perature. Finally, the burette is raised until the water is again level, 
and the reading taken. Difference between two readings = no. of cc. of 
nitrogen ; 37'i cc, of moist nitrogen at 18° and 760 mm. =o*i gram urea, 
or no. of cc. X27 =no. of milligrams of urea in sample. In .A.lien’s modi- 
fication 3^ times weight of potassium cyanate is added to urea, to pre- 
vent, by mass action, reconversion of urea into ammonium cyanate, and 
the bromine, in aqueous potassium bromide, is added to the mixture of the 
urea-cyanate solution with the soda.] 

192. Synthesis of Urea from Cyanide.—Thoroughly fuse 10 grams pow- 
dered 98 per cent, potassium cyanide with 15 grams red lead, in iron spoon 
or dish. Powder, and boil with 30 cc. water; filter; add 10 grams ammonium 
sulphate, and evaporate dry on a water-bath. Powder again, and extract 
with hot spirit in reflux apparatus ; crystallise. Yield 30 per cent. Take 
melting-point. Apply tests. Alternative method.—Add gradually a cold 
solution of 6 1 grams permanganate in 100 cc, water to a cold solution of 
4 grams 98 per cent- cyanide and 10 warns caustic potash in 25 cc. water, 
keeping temperature below 20°. Next day add a solution of 7 grams ammon- 
ium sulphate in 20 cc. hot water, boil, filter, and wash precipitated man- 
ganese dioxide with a little brjiling water. Evaporate to dryness on water- 
bath, and extract with hot spirit as before. Yield 60 per cent. 

193. Condensation of Urea. — Heat ^ gram at 200“ in dry test tube in 
sulphuric acid bath ; note ammonia ; dissolve in dilute caustic soda, and 
add two or three drops of very dilute copper sulphate — violet biuret colour. 
Dissolve 1 gram urea in dilute hydrochloric acid and evaporate to dryness 
on a water-bath ; heat as directed, and convert half the residue into the 
barium salt — very little ammonia and barium chloride- Heat the other 
half strongly in a dry test tube, and note the pungent odour of cyanic acid. 


CHAPTER XXXV 

195- Uric Acid. — Saturate 100 cc. of urine with amAonium chloride 
(about 30 grams are required), add ammonia (a few drops), and after 15 
minutes filter. Pierce filter, wash precipitate into test tube with a little 
Water, dissolve in very little boUing caustic soda, cool, and filter. Aci(yfy 
filtrate with dilute hydrochloric acid. Uric acid is slowly precipitated ; 
collect, wash, and apply murexide test. Qualitative Tests. — Insoluble 
iu Water and ^lute acids t soluble in alkies. Murexide test. f. 

[195. Esiin^ion of Uric Acid in Urine. — (Precipitate as ammonium urate 
tod titrate with dilute permanganate). Saturate 100 cc. larine with 
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finely powdered ammonium chloride as above, stirring vigorously ; add a 
few drops of ammonia, still stining, and after 15 minutes traflsfer to a 
filter, and wash with a saturated solution of ammonium sulphate, until no 
chloride remains. Rinse precipitate of acid ammonium urate from, filter 
with hot water, dilute to loo cc. with cold water, and add^o cc. concen- 
trated sulphuric acid, and stir, thus raising temperature to about 6o“. 
Then quickly run in permanganate (N^ 20 =1.578 granis per litte) until 
pink tint ceases to vanish instantly on shaking ; further decolorisation may 
occur on standing, but this is to be disregarded. 1 cc. permanganate == 
0*00375 gram uric acid.] 

[196. Alloxan , — Add 5 grains of uric acid (precipitated from concentrated 
sulphuric acid, washed and dried), to 10 cc. concent^ited nitric acid 
diluted with 5 cc. water ( =sp. gr. 1*3). Proceed as directed.] 

[196. Urea {and Allan^in) from Uric Acid . — On 5 grams as directed. 
Test urea.] 

[198, Caffeine from Tea . — Boil 28 grams (i ounce) of China tea with 
200 cc. water for 10 minutes, strain hot through calico, squeeze dry and 
wash in same way with 100 cc. water ; mix, cool, and add basic lead 
acetate (lead acetate bdiled with excess of litharge and filtered),#as long as 
a precipitate is formed. Filter, precipitate most of the lead with dilute 
sulphuric acid, and the remainder with sulphuretted hydrogen (to avoid 
free sulphuric acid). Evaporate on water-bath to 10 cc. and shake twice 
in a tap-funnel with 10 cc. of chloroform! Separate, and distil off chloro- 
form on water-bath. Dissolve residue in a few drops of water, adding a 
drop of dilute hydrochloric acid, and evaporate on a watch-glass. Yield 
not more than ^ gram. Apply murexide test.] 


CHAPTER XXXVI 

[201. Synthesis of Potassium Cyanide — Distil 10 grams ef synthetic 
ammonium thiocyanate (§210) gently {in draught) with dilute nitric acid 
(concentrated acid with twice its volume of water) ; when the thermometer 
in the distilling vapour reaches 8o“* mix the distillate with 5 volumes of 
strong spirit, and add a solution of 3 gprams of caustic potash in 3 cc. water. 
If there is no precipitate of potassiiitn cyanide, add a little ether. Collect 
the precipitate, and drain on porous plate. T^t as below.] 

[201. Potassium-Sodium Cyanide from Ferrocyanide.—Bcdit 10 grams 
potassium ferrocyanide in a water-bath (flask), in a stream of dry air 
(sulphuric licid), until it falls to a white powder, transfer the powder to a 
Rose’s (xucible, and fuse with i gram of clean sodium in a gentle stream of 
8bal-gaa. Pour clear melt on clean iron slab or broken porcelain. Test 
as below.]. ' 

201. Qualitative Tests for Cyantiw.^Prussian blue test : add ferrous sul* 
g^te, ferric chloride and caustic soda ; warm, then add excess of hydro- 
.dloric acid. Thiocyanate test ; evaporate hydrocyanic acid to dryness 
wilh yeUbw ammonium sulphide on water-bath ; ferric chloride gives red 
frirrin thiocyanate. Silver test : silver cyanide, like silver chloride, is in- 
soluble in dilute nitric acid, soluble in ammonia ; it is also soluble in excess of 
cyanide. These three tests are best made in watch-glasses, inverted over 
imall beakers,- con timing the cyanide, with some warm dilute hydrochloric 
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acid, the glass being stoearcd with caustic soda, ammonium sulphide or 
silver nitirate, and 15 minutes. (Mercuric cyanide is not ionised, and 
must first be decomposed by metallic zinc.) ^ 

[201. Estirnation'of' Hydrocyanic Acid.-— ThiQ cyanide is dissolved in, Of 
diluted with,* water, rendered faintty alkaline by adding caustic soda (to 
the acid, or dilute nitric acid to the alkaline, solution), and kept in this state 
throughout the operation mthhtmus). Silver solution {^'2$ grams 

per 250 cc. =AgN03/io per litre) is run in quickly until there is a slight, 
but permanent turbidity of silver cyanide. The alkali cyanide is converted 
into the double cyanide ; 1 cc. silver -=0*0054 gram hydrogen cvanide 
(-2HCN/10).] 

202. Pofassfktn Ferrocyanide and Fcrricyamde . — Boil a solution of 5 
grams potassium cyanide and i gram of eaustic potash in 25 cc. of water^ 
with one of 3 grams crystallised ferrous sulphate in 25 cc. water (if the 
precipitate is blue add more alkali) ; filter, concentrate, and crystal- 
lise ; test ferrocyanide. Add bromine to hot solution of 3 grams of ferro- 
cyanide until ferric chloride ceases to give a blue precipitate with a 
drop ; crystallise, and Test ferri cyanide. Heat 2 grams powdered ferro- 
cyanide to redness in a hard-glass test tube ; break up, powder, and boil 
with water ; evaporate filtered solution, and test for simple cyanides. - 

202. Qualitative Tests for Ferrocyanides and Ferricyanides. — Ferro- 
cyan id'es : ferric salts dark blue ; ferrous salts light blue; copper salt, 
chocolate ; carbon monoxide with warm concentrated sulphuric acid, 
hydrocyanic - acid with dilute sulphuric acid ; insoluble ferrocyanides are 
decomposed by caustic soda. Ferricyanides : brown colour with ferric, 
dark blue precipitate with ferrous salts. 

[202^^Eihyl Isocyanide , — Boil 2 cc, of ethyl iodide gently on water-bath 
(in small flask with long reflux tube) with 6 grams dry silver cyanide (pre- 
cipitate 10 grams nitrate wit^ excess of dilute, distilled hydrocyanic acid), 
until liquid ceases to run back, and mass is pasty (about i hour). Now 
add solution of 2 grams powdered 98 per cent, potassium, cyanide in 5 
cc. water, and distil from a water -bath (same flask). Insoluble dis- 
tillate, nauseously bitter. Divide in two portions. To one add remainder 
of silver cyanide, cautio\Mly \ it dissolves with energy to a soluble, crys- 
talline double cyanide. To the other, add concentrated hydrochloric 
acid drop by drop ; there is a violent action, and the unpleasant odour 
disappears ; dilute, add excess of caustic soda, and distil ethylamine into 
a little water ; test.] 


CHAPTER XXXVH 

2oy. Ethyl Isocyanate . — Distil some ethyl sodium suTphate with potas- 
sium cyanate ( § 192) frpm a dry test tube. Note pungent, unpleasant odour 
of isocyanate or carbimide. Boil with potash, and note ethylamine. 

[209. Mercuric Dissolve i gram of mercury in 10 cc. nitric 

acid, and add cautiously, in small portions, toiscc. of 90 per cent, spirit. 
Whwi the action is over, allow to cool ; crystals of mercuric fulminate 
s^eparate. Place * single small crystal on filter paper, and when dry, hammer 
BmarUy ; i% detonates violently. Wash the remaining crystals with spirit 

0 0 
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by decantation, and add excess of concentrated hydrochloric acid ; when 
they arc dissolved {but not dilute somewhat, and boil vigorously to 
destroy the mercuric formate. Filter off the mercurous chloride, make 
alkaline with caustic soda, and add Fehling’s solution ; it is reduced by 
the hydroxylamine.] 

210. Ammonium Thiocyanate . — Mix 20 cc. concentrated ammonia, 20 cc. 
spirit, 3 cc. carbon bisulphide. Proceed as directed. Evaporate residue 
to dryness on a water-bath, extract with hot spirit, crystallise and test. 
Qualitative Tests . — Ferric salt is blood-red, unaffected by dilute nitric acid, 
but decolorised by mercuric ‘chloride ; silver salt insoluble in nitric acid. 

210. Mustard Oil {see also Aniline). -r-From methylamine or ethylamine 
and carbon bisulphide (i drop), warmed with ferric chloride, and sufficient 
alcohol to make the solution homogeneous ; note pungent odour. 


CHAPTER XXXVIH 

212. Methylamine . — Mix 5 grams acetamide with 4I cc. bromine, and 
add a solution of 5 grams caustic soda in 50 cc. water until product is 
yellow. Run this product, through a thistle funnel, into a distilling flask, 
containing 12 grams caustic soda in 36 cc. water at 70 ° — not above {con- 
denser to dip under little water in receiver). Then proceed sfe in § 57 for 
methylamine hydrochloride crystals. 

* 21.2. Methylamine Hydrochloride . — Dissolve 25 grams ammonium 
chloride in 50 cc. 40 per cent, formaldehyde, and distil from a water bath, 
gradually raising the temperature from 40" to 100“ {thermometer in 
solution ) ; volatile methylal distils (redistil, and note b.p.). When distil- 
lation ceases, transfer the chloride solution to a dish, and evaporate on a 
water bath to incipient crystallisation ; cool, filter off ammonium chloride 
{at pumP), and continue evaporation until whole product solidifies on cool- 
ing. Recrystallise from spirit. Yield 70-80 per cent. 

Heat 2 grams with equal hulk of soda-lime in test-tube with jet : 
examine alkaline organic vapour, as in § 57. Distil 2 grams with caustic 
soda> and collect in 5 cc. water ; compare solution with ethylamine solution, 
§ 57. Dissolve I gram in spirit, and add 5 drops of chloroform ^nd some 
caustic soda crystals, warming if necessary ; note unpleasant odour of 
isocyanide. 


CHAPTER XXXIX 

217. Glycine. — Dissolve 18 grams ammonium chloride in 50 cc. 40 pet 
cent, formaldehyde, in a 200 cc. flask kept cool in ice-water; and add 
at intervals, over 3 hours, with much shaking (larger quantities requite a 
mechanical stirrer) a cold solution of 22 grams 98 per cent, potassium 
cyamde in 30 cc. water ; during the last hours add, also slowly, rs cc. 
.gl^al acetic acid. Separate the crystalline product (methylene-amiuo- 
aoetomtriie) at the pump (or collect on filter), ancl drain on porous plate. 
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Yield 60 per cent. Cover product with 30 cc. cold alcohol, previously 
saturated with hydrochloric acid; after an hour dilute with 100 cc. 
water, distil off alcohol, and evaporate residual liquid to dryness on a 
water-bath. Recrystallise glycine from dilute alcohol. Yield 80 per cent, 
calculated on methylene compound, Take m.p. Note sweet taste, neutral. 

Methylamine with soda-lime (odour, reaction and inflammability). 
Nitrogen with nitrous acid, as with ethylamine. Dissolve some freshly 
precipitated copper oxide in solution of i gram, and evaporate filtered 
solution for copper amino-acetate. 

219. Diazo-Esfer test~As directed. 

222. Albumen,— test filtered solution of egg-white. Coagulated by 
heat and nitrfc acid. Yellow with excess of concentrated nitric add 
(xanthoproteic test). Violet with drop of very dilute copper sulphate, 
followed by caustic alkaU (biuret test). Red precipitate with solution of 
I drop of mercury in excess of concentrated nitric acid (Millon’s test). 
Purple ring with drop of glyoxylic acid (§ 12 1), and concentrated sul- 
phuric acid (Hopkins’ test). 

224. Amino-Acids from Gelatine . — Boil i gram gelatine in reflux appara- 
tus with 10 cc. alcoholic hydrochloric acid for an hour (water-bath) ; evapo- 
rate to dryness, and apply diazo-ester test (§ 219), 


CHAPTER XLI 

[230. Ethyl Nitrate. — Add i gram urea to 4 cc. acid, and run cautiously 
into mixture 10 cc. dry alcohol ; distil from water-bath. This preparation 
is dangerous, as ethyl nitrate is liable to explode when heated.] 

230. Ethyl Nitrite, — Warm a little alcohol with copper turnings and a 
few drops of concentrated nitric acid iu a test tube, and note odour. 

230. Amyl Nitrite. — Mix 15 grams dry, powdered sodium nitrite with ly 
Cc. ice-cold amyl alcohol, and add slowly, with much shaking, 5 cc. ice-cold 
concentrated sulphuric acid. Dilute by pouring on 20 grams of crushed 
ice, and separate the floating layer of amyl nitrite ; dry with calcium 
chloride and distil. Yield 70 per cent. Note peculiar, oppressive odour. 
Hydrolyse a little by shaking with 50 per cent, potash ; when the milky 
emulsion dears and the odour has gone, dilute with water and distil off the 
alcohol with the steam ; test the distillate, and prove nitrite in residue. 

[231. Nitromethane. — Mix warm solutions of 14 grams silver nitrate in 
10 cc. water and 9 grams potassium nitrite in 10 cc. water ; cool, collect 
precipitated silver nitrite on filter, and dry on porous plate (covered, and 
laway from light). Place ii grams silver nitrite, mixed with an equal bulk 
TO dry sand, in #small reflux apparatus, add 4^ cc. methyl iodide, and heat 
on water-bath for 2 hours. Then distil from water-bath. Yield 70 per cent. 

Add a few drops of the crude nitromethane to 2 cc. of clear alcoholic 
sodium methoxide (sodium in dry methyl alcohol), and note crystal- 
line precipitate of sodium isonitromethane ; collect this on a small filter, 
dissolve at once in water, and add ferric chloride ; note crimson ferric 
compound. Dissolve the rest of the nitromethane in dilute caustic soda 
(filter off unchanged iodide) ; to a small pMtion add a arsta) of potassium 
*dtrite, acidify with dilute sulphuric add, and then make alkaline with 
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caustic soda ; note crimson nitrolate. Distil the remainder of solution 
with granulated zinc, and collect distillate in a little water j prove methyh 
amine.] 


CHAPTER XLII 

236. Detectionof Phosphorus.—Hesit some hard egg-yolk to redness with 
magnesium powder, and when cold, add water ; note odour of phosphine. 

[336. Estimation of Phosphorus, — As with sulphur ; the phosphoric acid 
is converted into magnesium pyrophosphate in the usual manner.] 

237- Cacodyl. —In very small quantity by heating dry sodium acetate 
(a few railUgrams), with an equal amount of white arsenic ; note foul 
odour (the vapour is poisonous, and produces nausea if inhaled). 

[239, 240. Mercaptan and Sulphonal , — Distil 9 grams ethyf sodium sul- 
phate with hydrosulphide from 3 grams caustic soda in 5 cc. water, as 
directed (convert a few drops of distillate into mercury compound). Mix 
the mercaptan with half its volume of acetone ; saturate with dry hydro- 
gen chloride, neutralise with soda, and distil the liquid nyercaptol from a 
water-bath, under low pressure (§143). Oxidise mercaptolwith 5 percent, 
permanganate (7i grams in 150 cc. water) in reflux apparatus, adding a 
few drops of dilute sulphuric acid from time to time, as necessary. Filter 
hot, evaporate, and crystallise resrtlting sulphonal. Take m.p.] 



PART III 


CHAPTER XLIIl 

[243. Benzene from Commercial Product. — Fractionate 100 cc, ” light oil ** 
if procurable, or 100 cc. “ 50 per cent, benzene ” {known conunercially as 
50 per cent. “ benzol reserving portion boiling above loo'" (for § 279) ; 
boil lower fraction in a reflux apparatus with 20 cc. spirit and 5 grams 
caustic potash, to eliminate carbon disulphide (0*2 to 0*3 per cent.) ; 
pour into water, separate light layer of benzene, shake repeatedly with 
concentrated sulphuric acid, and re-fractionate until fraction 79-81° is 
obtained ; then freeze until melting-point is constant ; take sp.gr. Ben- 
zene vapour is very heavy and inflammable. 

243. Characteristics of Pure Benzene. — Freezes in ice (take m.p.). Does 
not dec<^orise bromine water (dissolves the bromine) or cold dilute alkaline 
permanganate (§ 104), when shaken with these, nor blacken with con- 
centrated sulphuric acid. Bums with very smoky flame ; contrast with 
“ benzoline ” (volatile paraffins). 

244. Bromohenzene. — Add cautiously, through reflux condenser (tap- 
funnel through upper cork. Fig. 18], 10 cc. bromine to 17 cc. crysiallisable 
benzene, containing ^ gram iron filings : long tube of Volhard trap just 
through the cork ; the bent tube to bottom of each flask ; the second cork 
loose, or with extra hole; 20 cc. water in trap. Keep hydrogen bromide 
for § 260. Proceed as directed. In steam distillation, an ordinary 
flask maybe stbstituted for the distilling flask (see Fig. 15) ; tilt to keep 
spray from condenser. Wash with dilute soda before drjdng. Noteb-p., 
sp.gr., and halogen flame. Keep for §§ 267, 279. Yield 50 per cent. 
Drain dibromobenzene on porous plate, and recrystallise as directed ; take 
m.p. Yield 15 per cent, (variable). 

246. Nitrobenzene. — Add 20 cc- sulphuric acid to 18 cc. nitric acid ; cool, 
and add slowly, much shaking (use fairly large flask) to 20 cc. crystal- 
Usahle benzene. Pour product into beaker of cold water, and proceed as 
directed. Note b.p. and sp.gr. Yield 80 per cent. 

247. Sodium Benzene-Sulphonate. — Digest 40 cc. benzene with 80 cc. 
concentrated or fuming add as directed. Sodium salt as in § 25. Brine 
method ; pour into 4 volumes saturated, ice-cold brine, cool to o“, and 
stir (if there are no crystals in 10 minutes, cool 10 cc. in ice and salt, and 
add crystals so obtained) ; after half an hour drain at pump, and re- 
cr 3 ^taliisc from alcohol. Test for sulphur. Yield 70 per cent. 

247. Benzene-Suiphonic Chloride. — Mix 10 grams sulphonate, 15 grams 
pentachloride;; as directed ; 10 cc. ice-water. Distil ether from water- 
bath (§ 249), and chloride from test-tu'be over gauze; Note b.p. and 
odour; Ifrove sulphur and chlorine (hydrolyse). Yield 60 per cent. 
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247. Befaene-Sulphonamide^'^X^sie^ remainder of chloride ; 10 grams 
carbonate per cc. ; heat on water-bath until odour is gone. Recrystal- 
lise from spirit (§ 344) ; take m.p. Prove sulphur and nitrogen. Hydro- 
lyse with caustic soda (test-tube), and prove ammonia. Yield 80 per cent. 


CHAPTER XLIV 

249. Aniline^ — Use 20 cc. nitrobenzene and 45 grains tin, adding go cc. 
concentrated hydrochloric acid in lo cc. portions, and waiting each time for 
action to subside (warm to start) ; heat until odour of nitrobenzene has 
disappeared ; cool, and add 85 grams of caustic soda powder in 100 cc. 
water {keepinq cool), until product is grayish and fairly limpid. Steam 
distil from large flask. Collect drops of aniline, dry with solid caustic 
soda, and pour off. Dissolve 5 grams caustic soda in the water, shake 
with ^gth volume of ether, and separate. Repeat extraction. Dry mixed 
extracts with stick of soda, pour off, and distil ether from water bath {no 
flame; the ether may be used for other extractions); then whole of 
aniline over gauze (Fig. 23). Note b.p. Test. Yield 80 per cent. 

249- Qualitative Tests for Aniline. — Odour (alkali if necessary). Pure 
liquid precipitated by hydrochloric acid. Isocyanide. Mustard gil. Ni- 
trogen and phenol with nitrite. Violet with bleaching solution ; brick-red 
with hypobromite ; yellowish precipitate with bromine water. Blue with 
a few drops of bichromate added to solution in concentrated sulphuric 
acid. Smear a little on a wooden match, and moisten with hydrochloric 
acid : the woo(l. is stained bright yellow. • 

250. Methylaniline. — Dissolve 2 cc. commercial methylanilme in dilute 
hydrochloric acid and add a solution of i gram sodium nitrite in 2 cc. 
water ; note precipitated oil. Extract with a few cc. ether, and allow to 
evaporate on* watch-glass ; note odour], of nitrosatnine. Add a drop to 
some phenol-sulphonic acid (crystal of phenol in 5 cc. conffientrated acid) 
and warm: blue (Liebermann's nitroso-reaction, §254). 

251. Acetanilide.— 3 o]\ 10 cc. aniline with 10 cc. glacial acid for at least 
four hours. Distil as with acetamide ; anilide passes over above 280°. 
Recrystallise from hot water (filter hot); take m.p. Yield 80 per cent. 
Repeat with 5 cc. aniline and 5 cc. crude acetyl chloride (§ 34) ; note 
violence of action, and soliiiificatioa of product ; recrystallise, without 
distilliug. Hydrolysis. — Boil 2 grams with 20 cc. concentrated hydrochloric 
acid g^tly for a few minutes; then dilute, add caustic soda powder 
until strcmgly alkaline, and steam distil ; test aniline. Distil i gram with 
20 (jC. water and 5 cc. concentrated sulphuric acid, and prove distillate 
co^ains acetic acid. 

{251. Thiocarbanilide. — Boil 12 cc. aniliae, 8 cc, carbon disulphide, 20 
cc. spirit and 4 grams powdered caustic soda, in a reflux apparatus, on a 
water-bath for four hours. Distil ofl alcohol and excess of disulphide, and 
proceed as directed. Take m.p. Yield 75 per cent.] 

[252. Sulpkanilic Add.— A.dd slowly 15 cc. pure, recently distilled 
aniline to 30 pc. concentrated sulphuric arid, shaking the flask vigorously, 
proceed as (Erected, draining at pump. Recrystallise from hot water. 
Vi4d 60 per cent.] 
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CHAPTER XLV 

254- Qualitative Tests for Phenol — Soluble ia caustic soda, liberated by 
any acid : add dilute soda, shake with lo cc. ether, pour oil and. evap- 
orate I cc., note no residue ; then acidify with dilute sulphuric acid, with- 
out removing ether, shake, remove and evaporate ether — oily residue of 
phenol, which test. Odour. Tribromophenol, and reconversion. Blue 
with ferric chloride. Liebermann’s blue : crystal of sodium nitrite to sui- 
phonic acid (§250). Picric acid : warm with concentrated nitro-sulphuric 
acid, pour into water ; yellow, darkened by alkali. 

[254. Anisole. — Dissolve i gram clean sodium (in sjoall pieces) in 25CC. 
methyl alcohol (in a reflux apparatus) ; add 4 grams phenol and 3 cc. methyl 
iodide, and boil on water bath until only slightly alkaline (about 2 hours) 
Distil off alcohol on water-bath, and pour the product into a little water ; 
then make alkaline with caustic soda, and shake, to dissolve unchanged 
phenol. Separate oil (wash-hquor extracted with ether gives a further 
quantity), and distil from test tube. Note odour. Yield 80 per cent.] 

255 - Phenol from Behzene-Suiphonuie. — Fuse 8 grams sulphonate with 
20 grams caustic potash and 2 cc. wmter, stirring well with thick iron wire. 
Thermometer bulb must be protected with silver or steel cap, or else 
placed in sand under dish. Distil phenol from test tube after removing 
ether. CrystalUse. Test. Yield 60 per cent. 

255. Phenol from Aniline. — Add 9 cc. aniline to 10 cc. sulphuric acid in 
140 cc. water ; then 8 grams sodium nitrite in 20 cc. water until iodide- 
paper is blue (§ 260)- Prove nitrogen. Steam distil and test. Yield 75 per 
cent. 

[256. Phenyl, IsQthiocyanafe.^'^&2A i gram thiocarb anilide (§ 251) with 
5 cc. concentrated hydrochloric acid on a water -bath for an hour (in test 
tube). Distil to half bulk, pour into 50 cc. water, and distil the whole 
rapidly over a flame. The mustard oil passes over with the steam. Note 
odour. Extract distillate with ether ; add a few drops of aniline, evapo- 
rate ether, war!^» and stir ; crystalline thiocarbanilide is left.] 


CHAPTER XLVI 

[258, 260. Benzene^diazonium Nitrate.— Add 10 cc. aniline to cold mix- 
ture of 8 cc. concentrated nitric acid and 15 cc. water. Drain crystal- 
line mass, and wash twice with 10 cc. cold water (until only slightly acid). 
Trioxide from 25 grams white arsenic (lumps, not powder, with 15 cx. 
concentrated nitric acid and 9 cc. water ; warmed on water -bath at 70° ; 
gas through empty bottle to deposit acid spray). Keep aniline paste ice- 
cold, Diazonium crystals may not appear at once ; so keep in ice, and wait 
two hours before repeating (stir occasionally). Decompose with water 
(note yellow nitrophenol on steam distillation) ; hydrochloric acid ; potas- 
sium iodide. Explode a little (dry a few milli grams on iron plate and hit 
with hammer) J 
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[258, ^260. Benzenfdiazonium Sulphate. — Dissolve 15 cc. aniliae in a solution 
of 20 cc. concentrated sulphuric acid in 180 cc.dry spirit ; cool to 20^ and 
drop in slowly 22 cc. amyl nitrite (§ 230), shaking constantly /and keeping 
at about so*. Proceed as directed, drauiing at pump. The sulphate is .much 
less dangerous than the nitrate, but should not be allowed to become dry. 
Divide into three portions, two of which convert into phenol and iodo« 
benzene as directed (steam distil these). Dissolve the remainder in a 
little cold water and add to aqueous solutions of aniline, sodium phenate 
(part of diazonium solution previously heated, made alkaline, and 
cooled), and sodium |8-riaphthol (§ 371) ; note coloured anilide (§259) and 
azo-compounds (§5 382, 383)d 

260. Bromobemene from Aniline by Diazonium Interaction (Sandraeyer’s 
method). — Boil a station of 7 grams copper sxilp^ate and 20 grams 
potassium bromide, m 40 cc. water, with ii grams of copper turnings and 
3 cc. concentrated sulphuric acid, until colourless (reflux apparatus). 
Now add to the cuprous bromide 5 cc. of aniline, and then slowly (down 
the condenser), while still neeady boiling, a cold solution of 4 grams sodium 
nitrite in 15 cc. water. Steam distil and dry product. Compare with 
former products. Yield 70 per cent. K^p. 

260. Bromobenzem from Aniline by Diazonium Interaction (Gatterman’s 
method). — Dissolve 5 cc, aniline in the hydrobromic acid from the bromo- 
benzene (§ 244), diluted to 60 cc. Cool, and add the nitrite solution (5 grams 
in 10 cc. water), slowly at first and towards end. (Take i drop of product 
for each test, and dilute it with water before placing on, the iodide-paper, 
§55; if the blue colour shows when only part of theinitrite has been 
added, wait, and test a^ain, as the reaction is sometimes slow ; if the blue 
colour cannot be obtained, even at the end, or the diazotised solution is 
turbid, add a little more dilute sulphuric acid). Add gradually to the 
diazotised solution, moist precipitated copper* from 5 grams zinc dust and 
20 grams copper sulphate. (Add the zinc-dust to the aqueous solution of 
the sulphate — it becomes very hot, and eventually colourless ; wash the 
precipitated copper with water, sth with dilute hydrochloric acid until 
excess of zinc is dissolved, and effervescence ceases, wash again with water, 
and use at once.) When the reaction is over, steam distil dry. Com- 
pare the product with the bromination product. B.p. ; \ sp.gr. Yield 
75 per cent. Keep. 

260. Elimination of Amino-Group frem Aniline. — Mix 7cc. aniline with 
15 cc, concentrated hydrochloric acid and 50 cc. water ; keeping ice-coid, 
Diazotise crystalline magma with nitrite as before (6 grams in 14 cc.), and 
pour into an ice-cold solution of 10 grams caustic soda crystals in 30 cc. 
water, keeping ice-cold. Pour this product gradually down the condenser 
of a reflux apparatus, containing, at the ordinary temperature, a solution of 
, 25 grams stannous chloride in 50 cc. water, to which a solution of 20 grams 
caustitfsoda in 20 cc. water has been added until the precipitate has practi- 
cally^ recflssolved {keep cool). When the evolution of nitrogen ceases, distil 
the' benzene with steam, shake^with dilute acid, efry and redistil. Note 
<Jdo«r, b.p, and m.p. Nitrate a" few drops (§ 292). Yield 80 per cent. 

261, PhenyBiydrazine (Meyer’s method). — Diazotise an. ice-cold paste 
of xo cc. aniline and 120 cc. concentrated hydrochloric add with a solu- 
tion of 10 grams sodium, nitrite in 12 cc. water (not all of this should be 
tequired ; test on diluted drops), and add an ice-cold solution of 50 grams 
. $tannous chloride in 60 cc. concentrated hydrochlOTic acW. Keep cool; 
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wait half an hour before filtering. Soda, 120 grams in 150 cc. water. Note 
b.p. andm.p.of hydrazine. Yield 80 per cent. Convert into glucosazone 
(§185) and benzene (below). Boil two or three drops with alkaline copper 
tartrate ; note nitrogen and rM oxide. 

261. Phtnylhydrazine (Fischer’s method). — Diazotfee a cold magma of 
20 cc. aniline in 50 cc. concentrated hydrochloric acid as above (20 grams 
sodium nitrite in 80 cc. water ; nearly all should be required), and then 
add this to solution of 30 grams crystallised sodium sulphite in the minimal 
amount of water (about 50 cc.). Heat the product to boiling, and add 
gradually 50 grams of zinc dust, with enough acetic acid to keep' the solution 
acid; the dark green solution becomes colourless. Filter, boil down to 
half volume, add one-third volume of concentrated hydrochloric acid, and 
boil down until a sample crystallises on cooling. Crystallise out hydra- 
zine hydrochloride, and treat as above. Yield 70 per cent. 

261. Reduction of Phenyl-hydrazine to Benzene. —Run solution of 4 grams 
hydrazine in 4 cc. glacial acetic acid and 25 cc. water, into copper sulphate 
solution (20 grams in 60 cc.), boiling in reflux apparatus. Note evolution of 
nitrogen (prove), and deposition of metallic copper ; distil off benzene with 
steam. “ Yield 70 per cent. Identify by odour, and conversion into nitro- 
benzene (odour) and dinitrobenzene (m.p.). Repeat, using hydrochloric 
acid, and isolate chlorobemene. 


CHAPTER XLVII 

{263. Phenythydroxylamine . — To an emulsion of 10 cc. fresh nitrobenzene 
in a solution of ammonium c*hloride (6 grams in igo cc. water) Oidd gradually, 
with, continuous shaking (or mechanical stirring), 20 grams of zinc dust, 
keeping the temperature (by cooling) as nearly 15® as possible ; tha should 
occupy an hour. Filter at pump, and proceed as directed (about 50 grams 
salt required ; the base soon crystallises out). Yield 60 per cent. Note 
irritating odour. Recrystallise a little from benzene and take nup. Note 
reduction of cold aramonio-sUver and alkaline copper solutions.] 

(263- Nitrosobenzene.—D\s&ol\ei 3 grams phenylhydroxylamine in dilute 
sulphuric acid (12 cc. in 200 cc. water), and add at once an ice-cold solution 
of 3 grams potassium dichromate in 150 cc. water. Distil with steam ; 
the distillation is very rapid, and if the solid collects in the condenser, 
stop the water'supply, or run steam through the jacket. Pour off water, 
and dry on a porous plate. Note odour and t^e m.p., noting colour 
when melted (or dissolved). Warm a crystal with hydrogen peroxide and 
caustic soda, and note odour of nitrobenzene. Warm remainder with aniline 
(i mol.) in glacial acetic acid, and keep orange azobenzene for S 38c..] 

[264. lodosohehzene . — Mix overnight a cold diazotised solution of 7 cc. 
aniline [see Elimination, § 260) with a solution of 18 grams potassium iodide 
in 30 cc. Water ; keep in a loosely-corked flask overnight, at the ordinary 
temperature, and next day, after warming imtil effervescence ceases, make 
slightly alkaline with s^a, and distil the iodobenzene with steam. Separate, 
and dry with a fragment of calcium, chloride. Dissolve the clear, dry iodo- 
benzene (5 to 6 cc.) in 5 cc. dry chloroform, cool in ice, and saturate with 
chlorine ; dr^ the yellow iodockloride on a porous plate. (Warm a crystal 
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in a test tube, and note dissociation to iodobenzene and chlorine.) Place 
the iodochloride in. flask with caustic soda (half weight of soda in 
10 parts of water), and keep alkaline (at the ordinary temperature) until 
colourless. ' Next day wash iodosobenzene with water, and dry on porous 
plate. Note action of heat and hydriodic acid (potassium iodide and sul- 
phuric acid)*]' 


CHAPTER XLVin 

267. Conversion of Benzoic Acid into Benzene. — Distil an intimately 
ground mixture of 5 grams benzoic acid, 5 grams soda lime, and 5 grams 
fine iron filings from a test tube, heating from front backwards. Identify 
benzene by nitration (§§ 246, 292), odour and flame. Yield 5o.per cent. 

268. Benzonitrile from Aniline. — Diazotise 10 cc. aniline as in elimination 
of amino-group (§ 260, using proportionate quantities), and pour slowly 
down condenser of reflux apparatus, containing nearly boiling cuprous 
solution. (This as in §124, with double quantities of water, and adding 
copper to cyanide solution until white precipitate just ceases to redissolve.) 
When all the diazotised solution has been added, distil with steam. 
There is no need to dry, 'as the nitrile is wanted for the next experiment. 
Note odour. Yield 60 per cent. 

267. Benzoic Acid from Benzonitrile. — Make up steam dfetillate to 25 cc. 
with water, .and boil in a reflux apparatus with 10 grams caustic soda. 
When no more ammonia is evolved, acidify cautiously with hydrochloric 
acid, and dry and sublime the precipitated benzoic acid. (Two watch- 
glasses, clamped edge to edge, with filter papervdiaphragm; support on cir- 
cular aperture in card resting on gauze, and heat with very small flame, 
cooling upper glass with moist pad of filter paper.) Yield 80 per cent. 
Take m.p. by capillary tube method. Test. Compare with stock. 

[267. Benzoic Acid from Bromobenzene. — Dissolve grams bright mag- 
nesium ribbon in a solution of 3 cc. dry bromobenzene (or iodobenzenc) in 
10 cc. dry ether (§ 45 ; the action is slower than with alkyl iodides), and 
saturate with pure, ^y carbon dioxide (§45). Distil oS the ether, add 
water cautiously to the residue, and distd off any im changed bromobenzene 
with steam ; acidify the hot solution with dilute sulphuric acid, and allow 
the benzoic acid to crystallise. Sublime and determine m.p.] 

,268. Qualitative Tests joif Benzoic Acid. — Ferric chloride in neutral 
solution, buff precipitate, which dissolves in a few drops of warm con- 
centrated hy^ochloric add, and deposits acid on cooling. Odour of acid. 
Smoky flame. Benzene with soda-lime (nitrate). 

26B. Ethyl Benzoate. — Boil 5 grams benzoic acid with 20 cc. dry alcohol 
'and cc. concentrated hydrochloric (or i cc. sulphuric) acid, in a reflux 
apparatus,, until a few drops diluted with water give oil, without crystals 
(about two hours), pistil off excess of alcohol on water-bath, j^dd water, 
neutralise acid with ^nte soda.^# Separate oil, and distil from test-tube 
( § 19 ) , rejecting first portion; (d(Mdy with water ). Note odour. Hydrolysis- 
— Boil with half weight of cairoc soda in twice height of water (small 
flask with reflux tube) j distil off alcohol (test) ; acidify residue with 
^]|ydrochkuic add, and crystallise benzoic acid, 

*68, Benzoyl Chloride. — Powder 5 grams acid, 9 granM pentachlmide 
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(good draught). Distil from test tube (Fig. 5}, Redistil, noting b.p. and' 
odour. Try action of cold and hot water on two or three drops, and then 
add caustic soda ; prove benzoate and chloride. Yield 70 per cent. 

270. Benzoylating AlcoholSf Phenols and Amines,~~Etkyl benSoate: i cc. 
chloride, 2 cc. spirit, soda until alkaline, warm (add more soda if necessary, 
and so on until permanently alkaline) ; pour into water ; note odour, 
Tribmzoyl' glycerol .* 5 drops glycerol, i cc. chloride, soda until alkaline ; 
purify and recrystalUse from spirit ; take m.p. Phenyl benzoate : i gram 
phenol in dilute soda (excess), i cc. chloride ; shake until odour of chloride 
has gone ; pour ofi from oily product, wash with a little water, rub until 
crystalline ; dry on filter paper ; take m.p. Benzanilide : i cc. aniline, i 
cc. chloride, add soda (warming) until permanently alkaline ; wash with 
water ; crystallise from spirit j take m.p. 

271. Benzamide. — Rest of chloride with powdered ammonium carbonate 
(i| grams per cc.) ; warm on water -bath until odour of chloride has gone. 
Shake cold product with small quantities of cold water, to remove excess 
of carbonate j recrystallise from hot water. Take m.p. Yield 50 per 
cent. Hydrolyse with tiaustic soda, and prove ammonia and benzoate. 

271. Qualitative Tests for Hippuric Acid. — Ferric chloride in neutral 
solution, brown flocculent precipitate. With soda lime, benzene (nitrate 
this) and ammonia (use well-washed ferric salt). 

[272. Acetophenone. — Place in a dry reflux apparatus 7 grams resublimed 
aluminium chloride, covered with 20 cc, dry carbon disulphide, and add 
slowly through the condeuscr, beeping cool, a mixture of 14 cc. dry benzene 
and xo cc. acetyl chloride. After an hour, add water s/oieiJly in the same 
way, and when there is no further action, distil oS the carbon disulphide 
from a water -bath [no flame) ; wash the residual oil with dilute acid and 
water. [Alternative ^method-. Distil 20 grams barium benzoate and 13 
grams acetate, mixed as in § ^8 ; avoid overheating benzoate in drying). 

In either case fractionate product to separate benzene, noting odour 
and* high. b.p. Shake a little with phenylhydrazine acetate, and note 
hydrazoM, Oxidise i gram with permanganate, as with acetone, and 
identify carbon dioxide and benzoic acid.] 

\27z. Acetophenone-oxime : Acetanilide. — Small reflux apparatus : 3J 
grams hydrochloride in 5 cc. water, with 2 grams soda in 2 cc. water, and 6 
grams acetophenone in 10 cc. spirit ; if not clear on warming, add a little 
more spirit. Proceed as directed : 40 cc. water, saturate with salt before 
extracting with ether. Yield 80 per cent. Take m.p. 

Beckmann transformation ; As directed : i ^ grams powdered oxime, 
20 cc. dry ether (§ 26), 3 grams powdered pentachloride. Take m-p.] 


CHAPTER XLIX 
[273- Sacc^rin.—See § 314.] 

275* BenzaUehyde from Benzoic if citf 5 grams barium benzoate 
mixed with 2 grams barium formate, as iiv reduction of acetic acid, § 82. 
Note silver and rosanilirft reactions, but n$ Fehling ; hydrazone — 2 or 3 
drops distillate, same quantity phenylhydrazftie, dissolved in glacial acetic 
acid and diluted ; bisulphite — saturated solution of metabisulphite, as 
'Tith acetone, § 89. ■ 
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2^$. Oxidation of BenzcUdehyde to Benzoic Acid. — Boil 3 cc. commercial 
benzaldehyde with 10 grams bichromate and 5 cc. concentrated sulphuric 
acid, in 50 cc. water. Cool, filter ofi benzoic acid and dry on plate ; then 
dissolve in dilute caustic soda, filter, and rcprecipitate with hydrochloric 
acid. Sublime and test. , 

[274. Benzaldehyde from Benzyl Chloride or Bromide. — Boil 7 cc. benzyl 
chloride or bromide (§ 280) with 6 grams copper nitrate in 60 cc. water, in 
a distilling-flask furnished with reflux condenser, passing a slow stream 
of washed carbon dioxide through the side-tube (directed upwards). 
When, after some hours, the product ceases to smell of the benzyl com- 
pound, distil the benzaldehyde with steam, and extract with ether (sat- 
urate the water with salt). Test as above.] 

276. Condensation of Benzaldehyde with Acetone. — Warm 2 cc. benz- 
aldehyde with 4 cc. acetone and 10 drops caustic soda, diluted with 50 
cc. water in a beaker of boiling water for an hour j the product crystallises 
when cold, recrystallise from water. Note m.p. 


CHAPTER L 

[279. Separation of Toluene from Commercial Product — As with benzene, 
using “ light oil fraction ” (§ 243), or commercial “ toluol.”] 

[279. Synthesis of Toluene from Bromobenzene. — Boil 7 gram^ clean 
sodium gently with 50 cc. dry ether, in reflux apparatus on water-bath (good 
condensation), until hydrogen, bubbles cease to rise. Then cool, and 
add slowly through condenser, a dry mixture of 10 cc. bromobenzene, 
7 cc. methyl iodide, and 5 drops dry ethy[ apetate. ^Reaction must take 
place quietly. Next day, pour from solid, distil off ether on water-bath, 
and then toluene over gauze. Note b.p. Prove sodium bromide.] 

280. Benzyl Bromide. — Boil 20, cc. toluene with 10 cc. bromine in bright 
daylight, until no more hydrogen bromide is evolved — several hours 
(collect gas as with bromacetic acid). Pour product into cold water ; wash 
oil with dilute caustic soda until colourless ; dry and fractionate (210“). 
Vi^d 60 per cent. 

[280. Benzyl Chloride. — In sunlight or bright daylight until proper 
increase of weight is obtained (weigh whole apparatus : 4 grams for each 
13 cc. toluene) ; proceed as with bromide.] 

280. Oxidation of Benzyl "Bromide to Benzoic Acid. — Boil half product in 
reflux apparatus with to cc. nitric acid and 40 cc. water, until dissolved, 
and prove b^i^ic and hydrobromic acids. 

280. Hfj^lysis of Benzyl Bromide.— Boil 5 cc. benzyl bromide (or 
chloridef witif 7 grams so^um carbonate (dry) and 70 cc. water, in a reflux 
apparatus, until the odour of the halide is no longer perceptible (several 
hams)* Cool, extract the benzyl alcohol with ether, and after distilling 
off tte ether (§249), distil from a test-tube. Note odom. Prepare 
J^Eoyl derivative (| 270). Oxidise a few drops to benzoic acid by boiling 
Idtli nitric acid, and to benzaldehyde by boiling with acid diromate. 

■ 280. Benzyl A kohol and Benzoic A cid from Benzaldehyde. — Shake vigor- 
ously 7cc. aldehyde with 5 grams caustic soda in 5 cc. water ; distil ether 
a waier-bath, and precipitate benaoic acid from, the Aqueous solution 
witb^y^^hlmic edd. 



Supplementary Laboratory Notes 


605 


■ [282. Mandehnttrile and Manddic Acid , — Dissolve lo grams sodium 
metabisulphite in 40 cc. warm water, and cool ; add, with much shaking, 
10 cc. benzaldel^yde, and cool r finally, add tb the paste 6 grams 98 per 
cent, potassium cyanide in 15 cc. water; Separate the nitrile with a tap- 
funnel (boil a few drops with strong caustic soda, and note benzaldehyde 
and sodium cyanide). Boil the nitrile with concentrated hydrochloric 
acid (4Vols.) until dissolved; evaporate to dryness on water-hath, and ex- 
tract mandelic add with dry alcohol. Takem.p, Benzoylate.] 


CHAPTER LIII 


292. MeiadinUrobenzene. — As with' nitrobenzene, but add the benzene 
to the acid mixture drop by drop, shaking well and allowing to heat. 
Finally boil for 15 miiihtes on sand-bath. Pour into a large quantity of 
water (litre), filter at pump, wash with water until free from acid, and re- 
crystallise from dilute alcohol {§ 244). Take m.p. Yield 85 per cent. 

[292, Symmetrical Trinitrobenzme. — Add 5 grains powdered m-dinitro- 
benzene to a mixture of 10 cc. fuming nitric acid (sp.gr. i'5) and 15 cc. 
Nordhausen sulphuric acid. Heat on water-bath about 2 days (flask with 
plain jreflux tube), and finally for an hour at 120-130°. Isolate as with 
dinitrobenzene. Take m.p.] 

293. Metmitraniline and Metanitrophenol, — Dissolve 10 grams dinitro- 
benzene in 35 cc. spirit ; add 6 cc. ‘880 ammonia, and pass washed hydro- 
gen sulphide until ‘weight increases by 6 grams. Proceed as directed, 
extracting solid with warm dilute hydrochloric acid until a sample of ex- 
tract ceases to precipitate with ammonia. . Note m.p. Convert portion 
into metauitrophenoh as aniline into phenol, and note nitrogen ; take m.p. 

293, Ortho- md Para-Nitracetanilide. — Add 10 grams powdered anilide 
to 25 cc. red nitric acid (sp.gr. 1*5), proceeding as directed ; shake with 
portions of 4 cc. cold chloroform 5 times, filtering through small filter 
each time. Recrystallise, and note colour and m.p. Ortho- and Para- 
Nitraniline^—BoH with acid until dissolved, then proceeding as directed, 
and rearystallising from spirit. Note colours and m.p. ; ^-compound is not 
Volatile with steam, and gives a lemon-yellow dichloro-compound with 
chlorine water ; o-compound is volatile "with steam. 

294. Nitrophenols,— Ortho and Para-Compounde : Add 10 grams of 
phenol slowly to 15 cc. concentrated nitric acid in 50 cc. water at 30°, 
with much shaking ; allow to cool, keep overnight, and proceed as directed. 
The para-compound may require decolorising with animal oharcoal (in hot 
water), or it may be extracted with hot concentrated hydrochloric acid. 
Note m.p. and properties. Make sodium salts with carbonate (note 
carbon dioxide), . and recrystallise. Note colours. Meta-Compound : 
Convert portion of m-nitraniline as aniline into phenol, using concen- 
trated solutions. Make product alkaline, extract impurities with ether, 
then acidify and extract the nitrophenol. Take m.p. -5 

395. Picric Dissolve 10 grams phenol in 7 cc. concentrated sul- 
phide add; dilute sdution with 8 cc. water, cool, and add slowly to 

Qc. fuming nitric Rbaking weU. Heat on water-bath until yellowish. 
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Pour into water and proceed as directed. Note m.p. Make sodiufii salt 
(note carbon dioxide). Note colourless solution in paraffin. 

[295. Picric Acid from Trinitrohenzene , — Heat i gram powdered s-tri- 
nitrobenzene (§292), on a water-bath, with grams potassium ferricyanide 
and I gram caustic soda in 20 cc. water, until dissolved. Filter, if necessary, 
precipitate picric acid with sulphuric acid, and recrystallise. Take m.p. 
Test for ferrocyanide in filtrate.] 

[296. Metaphenylene-Diamine . — Add 20 grams powdered dinitroben- 
zene slowly, with constant stirring, to 60 grams reduced iron suspended in 
3 cc. glaci^ acetic acid and 60 cc, water. Proceed as directed. Yield 50 
per cent] 


CHAPTER LV 

302. Heat 10 grams sodium benzenesulphonate with 20 cc. 

fuming sulphuric acid, in a reflux apparatus on a sand-bath, for 2 hours. 
Isolate the sodium disulphonate (with unchanged monosulphonate) by cal- 
cium carbonate method. Fuse the mixed sulphonates with potash (§ 255), 
and separate phenol by distillation with steam. Extract resorcinol with 
ether. Note m.p., ferric colour, and bromine precipitate. Yield 40 per 
cent. 

303* 304* Q^inol and Quinone . — Add 12 grams powdered dichromate (or 
14 grams sodium salt in 25 or 30 cc. water), in small quantities, to 10 
cc. aniline, dissolved in 50 cc. concentrated sulphuric acid with 250 cc. 
water, ice-cooled ; stir well, and keep cool. After a night at the ordinary 
temperature, cool again, and add 24 grams dichromate (or 28 grams 
sodium salt) in the same way. After 3 hours, extract ; three extractions 
with 50 cc. ether. Distil off ether on watef-bath ; residue with steam. 
Yield 30 per cent. (Or better, reduce brownish, turbid product with 
20 grams metabisulphite and 10 cc. sulphuric acid, and when practically 
colourless, extract qiiinol with ether; then oxidise ether-free product with 
dichromate and sulphuric acid, distilling with steam. Yield of quinol 
80 per cent ; of quinone 70 per cent. Note action of ferric chloride on 
quinol.) Note m.p„ colour, volatility, odour- 
[305. Phloroglucinol . — Fuse 5 grams resorcinol (or phenol) with 30 grams 
caustic soda and 3 cc. water (with phenol, heat until layer of pbenate dis- 
appears, and the whole is somewhat spongy). Yield 60 or 30 per cent. 
Note m.p. and ferric chloride colour.] 

Pyrogallol . — Heat gallic acid to its m.p. in test tube. Note carbon 
dioxide and sublimed pyrogallol. M.p. of latter, and colour with iron 
salts. Absorption of oxygen from air by its solution in caustic alkali 
(invert empty test-tube in a wider test-tube, containing i gram pyrogallol 
in a cold solution of 8 grams potash in 10 cc. water). 


CHAPTER LVI 

308. Acid . — Dissolve 4I grams caustic sodajn 6 cc. water in 

Iron dish ; add. io grams phenol ; heat gently and stir vigorously until 
powder is obtained — not cake. Powder again quickly (it should be quite 
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dusty)» place while still warm in a dry distilling flask, and pass washed and 
dried carbon dioxide (§45). raising temperature gradually from ioo° to 200** 

Qil bath, 2 hours. Yield 50 per cent. Recrystallise acid from water ; 

note ni.p. and* tests. Qualitative Tests. with ferric chloride 
in neutral solution, not changed by acetic add ; flocculent tribromo-com* 
pound ; intimate mixture with lime gives phenol (odour : picric acid). 

308- Salicylic Aldehyde, — Dissolve 12 grams phenol in a solution of 30 
grams caustic soda in 40 cc. water, warm in reflux apparatus on water-bath 
(about 50°), and add slowly (over half an hour) 15 cc. chloroform. Boil 
the reddish product for half an hour on a water-bath, distil off -the chloro- 
form, and the acidified residue with steam (the floating oil passes over). 
Dissolve 12 grams metabisulphite in the distillate ; cool, and extract the 
phenol with 20 cc. ether (twice, saturating with salt) ; now acidify with 
sulphuric acid, drive off the sulphur dioxide, cool, and extract the aldehyde 
with ether. Distil off the ether (§ 249), and redistil the aldehyde from a test- 
tube. Note odour, ferric colour, action on skin, and aldehyde tests. 
Filter residue from steam distillation, and extract with ether as before ; 
distil off ether, and crystallise residual parahydroxy -aldehyde from a little 
water. Yields 40 and 10 per cent. 

31 1. Qualitative Tests. — Gallic Acid: Blue-black with ferric or ferroso- 
ferric salts. No precipitate with gelatine. Rufigallic add — moisten solid 
with concentrated sulphuric acid on watch-glass, warm till red, turn into 
cold water. Tawnm.—Blue-black with iron salts. Precipitate with cold, 
fresh gelatine solution (soak fragment of gelatine in cold water until it 
swells, then warm with a little water). Rxffigallic acid, as with gallic acid. 


CHAPTER LVII 

314* Toluene-SulpHonic Acids. — Mixed 0- and /)-compounds in same way 
as with benzene, but more easily ; convert into mixed acid chlorides and 
amides (§ 247). Saccharin. — Add permanganate solution (i gram in 20 cc. 
water) to a boiling solution of the mixed amides (i gram) as long as the 
permanganate is reduced ; filter from manganese dioxide, evaporate to 
dryness, and note intensely sweet taste of product. 

315* Cresols. — Mixed o- and ^-compounds as with phenol ; para-com- 
pound from commercial ^-tpluidine in the same way as phenol from aniline. 

316, 317. Nitrotoluenes and Toluidines. — Mixed 0* and f>-compounds, 
n. the same way as nitrobenzene and aniline. ‘ 


CHAPTER LVIII 

321. Paraioluic Acid from Paraioluidine (commercial). — Precisely as 
With benzoic add from aniline. The nitrile may also be hydrolysed by 
boiling in a reflux ^paratus with moderately concentrated sulphuric acid 
(b cc. acid and 2 cc. water per gram) j the acid separates on pouring the 
product into watet- Npte m.p. and reactions (as benzoic add). 
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322. Mixed Xylenes . — Fractionate 50 cc. commercial xylene (** xylol ”), 
isolating fraction about 135-140®. Sulphonate and nitrate small quantities.’ 

[322. Paraxylene.—Di^tH 20 grains camphor with ^ffams crushed zinc 
chloride. Warm product with concentrate suIphmp^W (not easily sul- 
phonated) ; w^^h with alkali and water ; dry aud^iractiouate. Noteb.p.] 

324. Phlhalic Acid and Anhydride.— Mix 6 grams naphthalene and n 
grams potassium chlorate (powdered into small pellets with a 

little water, and add these one by one to 40 cc. concentrated hydrochloric 
acid (draught cupboard). Add to the washed, pasty chloride (in refluk 
apparatus), in smp portions, a mixture of 2 cc. ordinary and 1 cc. fuming 
nitric acid per gram, heating on a sand-bath until dissolved; boil dowTi 
(still in draught) nntil a sample of residue (phthalic acid) crystallises on 
cooling ; and then either recrystallise from water, or distil to dryness 
(test-tube with plain condenser) and reconvert anhydride into acid (dis- 
solve in alkali, and precipitate). Note m.p, of add and anhydride, and 
interconvertibility. Yield 50 per cent. 

324. Phthalic Acid to Benzene . — Mix i gram with 10 grams powdered 
lime and 2 grams iron filings. Prove benzene by nitration. 

325. Oxidation of ParcUolnic to Terephthalic Acid . — Dissolve 3 grams acid 
with 2 grams caustic soda in<!40 cc. water ; add slowly, to boiling solution, 
n grams permanganate in 440 cc. water, nntil perrmnently pink. Wash 
and dry tarephthalic acid, noting insolubility. Sublime. 

326. Dihydroterephtkatic Dissolve i gram terephthalic acid in a 

little dilute soda (note that a few drops of the soluticm have no action on 
cold, dilute alkaline permanganate). Dilute the solution to 50 cc. and 
add 3i per cent, sodium amalgam (5 grams sodium in 10 cc. mercury), 
in small quantities, until hydrogen is Solved freely (use small flask with 
loose cork, and do not allow to become hot). Acidify product with dilute 
sulphuric acid* filter, extract dihydro-acid, with ether, and evaporate. 
Note action of acid on bromine water and cold alkaline permanganate. 


CHAPTER LIX 

328. Mesifylene . — Mix 50 cc. acetone,’ in 50 grams clean sand, with 
65 cc. acid, diluted with 20 cc. water ; next day distil from sand-bath. 
Note brominaUcm, nitration and sulphonation (on a few drops in test-tube). 
Oxidise as directed to mesitylenic and uvitic acids, and note m.p. 


CHAPTER LX 

332, Cinnamic Acid.— BoU 10 cc. benzaldehyde and 14 cc? acetic anhy- 
■^ide— both freshly distilled— with 5 ’ grams powdered, recently fused 
sodium acetate (fla^ with air^ndenser), 6 hours on sand-bath ; u 
possible the boiling should 'not- be interrupted, and in any case the uppe'’ 
end of ^<?reflp f ube should be guarded by a caldUDlChloride tube. Mi* 
the moHen piquet with water, steam distil, and recrywall^ : an^al char- 
co^ Sgramsi ^ Yidd 30 per cent. Note m*p., actiwi of biomine water, 
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alkalies, and permanganate yellow precipitate with ferric chloride. 

334. Styrene fro% Cinnamic / 4 ct(i.- 4 )istU i gram cinnamic acid with 2 
grams soda*lime».an^fedistil distillate with steam ; note action of bromine 
water and alkaline periteanganate. 

337. Aniline from Indigo . — Distil 2 grams jndigo from fiard-glass test 
tube with 4 grams caustic soda and i cc. water. Prove aniline by tests. 


CHAPTER LXI 

340, Pinene , — Distil some ordinary spirit of turpentine with steam. 
Saturate some with dry hydrogen chloride gas. Shake some with per- 
manganate solution, and with bromine water. 

[340. Carvacrol and Cymene , — DistU 24 grams camphor with 5 grams 
iodine, and fractionate. Note b.p. Distil crude carvacrol with phos- 
phorus pentasulphide (warm red phosphorus with sulphur in dish ; 
theoretical quantities) ; oxidise cymene with dilute nitric acid, and identify 
terephthalic acid. Also distil 10 grams camphor with same weight pent- 
oxide; redistil cymene, and note b.p. and characters.]' 

341. cL’Bromocamphor . — Warm 7 grams camphor (crushed into small 
pieces) with 3 cc. bromine in a small reflux apparatus (with water trap). 
When the violent action ceaseS: beat to 135° (oil-bath), wash with dilute 
soda, and crystallise from spirit. Note inaction of bromine water’ and 
alkaline permanganate (also on camphor). 

[342. CampJwric Acid . — Heat 20 grams caraphpr in long-necked flask 
on water-bath, with 180 cc. concentrated nitric acid and 90 cc. water, until 
nitrous fumes nearly cease (3 or 4 days). Boil down to incipient crystal- 
lisation, cool, and dry crystals on 4)Iate ; dissolve in soda, reprecipitate 
with hydrochloric acid, and recrystallise from water. Yield 40 per cent.] 


CHAPTER LXin 

1353 - Diphenyl.‘—'Dio^ benzene from a tap-funnel {15-^ drops pet 
minute) into the tumed-up end of a long iron gas pipis, filled with 
pumice, and heat in a combustion fnpiace to dull redni^ Yi^d 50 per 
cent, on benzene unrecovered. Fractionate with air condenser, recrystal- 
lise, and note m.p.] 

355 * Benzoin . — Dissolve 10 cc. b^aldehyde in 30 cc* spirit ; add 2 grams 
98 per cent! cyanide in 10 cc. water ; heat on water-bath (reflux) for an 
hour, and allow to crystallise. Recrystallise from alcohol, and note m.p. 
Yield 80 per cent. . Note reduces Fehling. ‘ 

35 fi. Heat 5 ipradae . crude benzoin with 10 cc. wmcentrated 

mtric a«d and 2 cc. yrater, for 2 Sburs on a water-bath, shaking well. Pour 
mto cold water* and crystallise from spirit. Yield 80 per cent. 
Note nLp. and violet with alcohcflic potash. 


R R 
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- CHAPTER LXIV 

3^. RosanUine>—Ylt^i i cc. aniline and i gram ^-toluidine with i gram 
mercuric chloride. Note Alour. 

360. Mordants ,— a cotton rag in rosaniline solution, dr|^n and dry • 
note colour is washed out by soap. Dip rag in dilute tannin solution 
and wring ; then dip in dilute tartar emetic solution and wring ; finally, 
dip in rosaniline.* Note colour is now fast to wap. Repeat with sodium 
picrate and aluimnium acetate (alum solution to lead acetate solution, 
until all lead is precipitated ; use clear filtrate). 

361. Colour Base and Leuco-Base.—AXl following on few milligrams only. 
Decolorise magenta solution with concentrated hydrochloric acid, and 
restore colour with water. Precipitate white colour base with strong 
caustic soda, wash, and redissolve in dilute acid, noting restoration of 
colour. Reduce dy^ with dilute hydrochloric acid and zinc dust ; add 
excess of caustic soda, and extract leuco-base with ether ; distil oS ether 
on water-bath, and warm residue with few drops of concentrated sulphuric 
acid ; pour into water, and note dye. 

[361. Triphenylmethane,~Xdid. to 60 cc. benzene and 7 cc. ehlorofonn, 
both, perfectly dry, in dry reflux apparatus, 12 grams fresh, resublimed 
aluminium chloride in 6 portions. Boil for half an hour, and proceed 
as directed (vacuum distillation is convenient above 200°). Yield 40 per 
cent. Note m.p.] 

[362. Pararosaniline from Triphenylmethane , — As directed: 2 grams 
hydrocarbon with 7 cc. fuming nitric add; separate, wash and dry nitro- 
compound before reducing ; 10 cc. acetic acid, and a grams zincdust ; when 
latter is in excess, hydrogen is evolved freely.] 


CHAPTER LXV 

365. Aniline Blue,— BoW (gently) r gram rosaniline acetate with 10 cc. 
aniline, in a large test-tube provided with an air-cooled reflux tube , i 
the tube rests on a sand-bath, it can be left, once the fi^e has been 
regulated. After ' some hours, extract the cold product with dilute hy- 
drochloric acid, filter, auA evaporate to dryness. Extract the blue dye 
with spirit, and dye some wool. . , 

[365* Methylene Dissolve J gram paramiub-dimethylamline (5^2; 

in 20 cp. -water, with some dilute sulphurip acid, and keep as I'®®!' 
two or three drops with same amount of dilute hydrochloric 
ferric chloride soluti(»i; then trace of soluble sulphide . gives an mtense 

^^[36^ LeucoMalachiU‘Green.—H^Sit,g grams 
(diloride with 20 cc. dimethylaniline and 9 oc. benzai|5hy de. Af re 
ing excess of aniline as directed, crystal^e leuco-base from 
[m. Malachite Green,— bissoW^ 2 gr^ 
with 2 OG. hydrochloric add, 2 cc. acetic add. Stir in 
pMoxide (just predpitated by excess of bleaching sdu^a fro 
tioa 3 grams jead acetate). Add sodium sulph^ solution ( 
tq cc.) untU, no more precipitate is formed } filter aff lead snip 
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chloride, i^alt out with solutibh of 5 grams zinc chloride in 5 ca water ; 
dye mordanted cotton as in § 360.] ^ . 

[367. Phenol-Phthaleln . — Heat 5 grams pbthalic anhydride, 9 grams 
phenol, and 4 cc.^ concentrated sulphuric -acid on sand-bath for 4 hours 
(small flask, reflux tube). Proceed as directed. 

367. Colour Changes of Phcnol-Phthalein.—Dissolve 2 or 3 milligrams 
■of phenol-phthalein, by shaking with a cold solution of 2 grams caustic 
soda in 8 cc. water ; the initial red colour soon practically disappears. 
Dilute some of the solution and boil ; the colour reappears, but again dis- 
appears on cooling. Add\cetic acid drop by drop to some of the original 
solution until the pink vanishes abruptly, then add a drop or two of the 
original solution to restore the pink colour ; ' the solution now contains 
only a slight excess of alkali (i.e. above i equivalent), and when diluted and 
boiled turns permanently deep red. 


CHAPTER LXVl 

369. Naphthalene . — Distil 10 grams commercial naphthalene, 5 grams 
caustic soda, 100 cc. water with steam. Dry the distilled hydrocarbon, 
and sublime, as with benzoic acid (§ 267). 

370. Niironaphthalene. — Heat 10 grams naphthalene with 50 cc. glacial 
acetic acid and 10 cc. concentrated nitric, acid, as directed ; recrystallise 
washed product from alcohol. Note m.p. Yield 70 per cent. 

370. Naphthalene fi-Sy^phonic Acid. — Heat 20 grams powdered naph- 
thalene wittj 14 cc. concentrated sulphuric acid for 4 hours at 180'^. 
Pour into 500 cc. water, filter (jS any naphthalene, and then as with ethyl 
sodium sulphate. Yield 80 per cent, on unrecovered hydrocarbon. 

371. a’Naphthylamine. — Dissolve 5 grams nitro-compound in 10 oc. 
glacial acetic acid, and add 7 grams iron filings ; keep at 50° for 2 hours, 
then on water-bath for i hour. I iltor, and proceed as with aniline 
{ferrous hydroxide does not redissolve). Compare with aniline. 

371 * p'Naphihol. — As with phenol : 5 grams sodium sulphonate, 15 
grams caustic potash, i cc. water ; 200“ for an hour, and finally 300° for 
a few minutes. Dissolve cold melt in 500 cc. hot water, and precipi- 
tate with dilute hydrochloric acid; recrystallise from hot water. Yield 60 
percent. Note m.p. Compare with phenpl tests. Pass dry ammonia 
over melted / 3 -napthol, and isolate naphthylamine. 

372. Oxidation of Naphthalene to Phthalic Acid. — See § 324. 

373 - O’' Naphthoquinone. — Add 9 grams chromic anhydride slowly to a 
warm solution of 3 grams naphthalene in 20 cc. glacial acetic acid. Boil 
gently for two minutes ; dilute, filter, and distil the washed product with 
steam. Note nup., colour and odour. 


CHAPTER LXVIl 

375 * ^fiihfaquinotie.—^To a boiling solution of 8 grams anthracene 
®c. glaci^ acetic add, add cautiously 15 grams chromic anhydride 

30 cc, glacial acid. Precipitate product with water* 
fi* and sublime. Note colour and m.p. Yield 80 per cent. 
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375. Conversion of Anihraquinone into Benzoic Acid . — Fuse 3 grams in 
iron spoon at 200® with 3 grains caustic soda and 1 cc, water; dissolve, 
melt in water, and predpitate benzoic acid with dilute hydrochloric acid ; 
collect, wash, dry, and sublime. Identify by m,p. and tests. 

[377. Sodium Anihraqmfione-Sulpk>naie.~-liQaX | grams anthraquinone 
with 10 cc. crystallisable, fuming sulphuric acid until nearly dissolved ; 
dilute, filter, and neutralise hot with sodium carbonate ; the sodium salt 
crystallises on cooling. Yield 60 per cent. Alizarin— Giind 2 grams s«l- 
phonatc with 5 grams caustic soda, ^ gram potassium chlorate and 5 
cc. water; heat in sealed hard-glass tube (one-third full) for 20 hours 
in boiling aniline. Extract alizarin with boiling water, and precipitate 
with dilute acid ; wash, dry, and sublime. Yield 50 per cent. Note 
m.p., colour, solubility in caustic alkalies, and precipitation by metallic 
salts (alum, ferric chloride, chrome alum) ; note colours of lakes,] 


CHAPTER LXVIII 

. 380, A zoxybenzene.— Dissolve 3 grams sodium in 40 cc. dry methyl 
alcohol ; add 5 cc. nitrobenzene ; proceed as directed. Note m.p. Yield 
50 per cent. Distil some with fine iron filings (3 parts by weight), and com- 
pare azobeuzene with that prepared by following method. 

380. Azobenzene. — Boil 10 grams caustic soda with 30 cc. spirit (icflux) 
until nearly dissolved ; cool, and add 10 cc. nitrobenzene. After 2 liuuis 
add cautiously 5 grams zinc dust, and^boil for 10 hours. Distil off alco- 
hol, extract residue with hot water and hot dilute hydrochloric acnl 
(to remove zinc compound). Finally wajh with water, and crystallise 
from boiling alcohol. Yield 70 per cent. Note m.p. and red vapour. 
Compare with product from nitrosobenzene, § 263. 

380. Hydrazobenzene and Benzidine.— As with azobenzene, but continue 
addition of zinc dust until colourless ; proceed as directed— the water 
should contain some sulphur dioxide. Take m.p. ; ^oxidise alcoholic 
solution with nitrous fumes, (§ 258), and collect azobenzene. Benzidine : 
Boil the hydrazobenzene with concentrated hydrochloric acid for a few 
minutes, pour into wat^, and add excess of caustic soda ; drain, and re- 
crystallise from dilute spirit containing sulphurous acid. Take m.p. 

381. Amino-Azobenzene.— Dissolve 5 grams aniline hydrochloride m 
20 cc. aniline at 35“ ; add 2^ grams sodium nitrite- in 4 cc. water ; keep 
at 35-40“ for li hours ; leave. Next day stir in 14 cc. concentrated hydro- 
chloric acid (or more, if necessary)i and proceed as directed. 

Diazobenzene- AniHde Oind Amino-Azobenzene.— Mix a solution 0 
4 cc. aniHne in 10 cc. dry ether with 2 cc. amyl nitrite in 10 cc. ether, ana 
evaporate in a flat drft over sulphuric acid. Golden yellow crystals of t 
anilide separate ; drain, and dry on a porous plate. Mix at once \vi 
aniline (3 ports) and dry aniline hy^ochloride (^ p4rt), and w^ a +5 ’ 
untU liquid. Next day dissolve in hydrochloric acid, and proce^ as aoo -J 

382. Triamino-Azobenzene.— A few drops of a dilute solution of ^ ' 
phenylenedianune salt to solution containing a trace of nitrite ; can be u 
for the colorimeiric estimation of nitrites in water, 

I;382. Methyl Orange,— Neutralise 5 grams sulphanilic acid 
lOdium carhonat^labout ij grams in 50 cc. water), add a grams sooi 
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nitrite in 4 cc. water, cool with ice, and acidify (gradually) with 3J cc. of 
concentrated hydrochloric acid, diluted with the same volume of water. 
Add to this diazotised solution, a cold solution of cc. dimethylaniUne in 
dilute hydrochloric acid {3 cc. in 100 'cc. water); make just alkaline 
with soda (red changes^ to yellow), and saturate solution with salt. Allow 
the methyl orange to separate; collect, and recrystallise from hot water.] 
[383. Constitution of Methyl Orange,: p-Aminodimeihylaniline. — Add a 
solution of 5 grams granulated tin in 25 cc. hot concentrated hydrochloric 
acid, to 3 grams commercial methyl ‘Orange dissolved in 10 cc. hot water. 
Boil gently for 15 minutes, and proceed as directed, isolating sulphanilic 
acid and aminodimethylanilinc.] • ■ 


CHAPTER LXIX 

386. Quinoline.— Mix 10 cc. nitrobenzene, 20 cc. aniline, 50 cc. glycerol ; 
cautiously stir in 30 cc, concentrated sulphuric acid, .\ftcr 3 hours 
heating on sand-bath (reflux) the nitrobenzene should have disappeared.- 
Much soda is required '(dissolve 50 grams crystals in 50 cc. water, and add 
cautiously, cooling, as in § 249). i gram nitrite should be enough. Yield 
40 per cent. Note b.p., odour. Make hydrochloride and crystallise ; 
warm with a few drops of methyl iodide. Note alkaloid tests {§ 399). 

386. Quinoline from Cinchonine. — Distil 5 grams cmchonine from s mall 
hard-glass, flask with 7 grams caustic soda powder and 4 cc. water ; sand- 
bath, at as low a temperature as possible. Redistil quinoline with steam, 

387. Pyridine. — Make and recrystalliso pyridine sulphate from com- 
mercial product. Warm a feV drops with methyl iodide ; note explosive 
action, and yellow crystalline product. Note general alkaloid tests. 

[388. Piper idinet. — To a solution of 4 cc. pyridine in 30 cc. spirit, in a 
reflux apparatus, add gradually 10 grams of sliced sodium (keep in ether 
until wanted) ; more alcohol must be added as the ethoxide accumulates. 
Distil with steatfi, acidify with hydrochloric acid, and evaporate to dryness 
on a water-bath. Decompose piperidine hydrochloride with concentrated 
soda (compare odour with pyridine), extract with ether. "Very alkaline j 
nitros amine with nitrite ; general alkaloid tests.] 


CHAPTER LXX^ 

[392. Collidine. — Warm 20 cc. ethyl acetoacetate on a water-bath with 
C^grmns fresh aldehyde ammonia. Stir product into 10 cc. dilute hydro- 
chloric acid, -■ wash, dry on plate. Suspend in 20 cc. cold spirit, pass nitrous 
fumes {§258) until drop dissolves in dilute hydrochloric acid. Evaporate 
on water-bath, liberate collidine- ester with sodium carbona’te, extract with 
ether. Hydrolyse ester with alcohoUc potash (10 grams, 30 cc. ; reflux, 
water-bath, 3 hours), drain and dry potassiiun carboxylate (insoluble in 
spuit). Distil writh excess of lime, dry collidine (in fther) with potash, 
actionatc. Yield-^o per cent.' at each stage. Compare with pyridine.] 
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Appendix 


CHAPTER LXXI 

399. Qualitative Tests iof Alkaloids ^ Qtneral. — Phosphomolybdate 
(2 grams phosphomolybdic acid, 25 cc. water, and just enough caustic soda 
to dissolve to clear colourless solution) ; iodine in potassium iodide (2 grams 
iodine, 2 grams potassium iodide, 50 cc. water) ; potassium mercuriodide 
(i gram mercuric chloride, 2 grams potassium iodide, 25 cc. water) ; tannin. 
Most alkaloids are bitter, soluble in dilute acids, and reprecipitated by 
ammonia. Apply tests to all alkaloids available ; cotnpare with quinoline 
and pyridine, 

[399. Estimation of Total Alkaloids in Cinchona Bark . — The alkaloids 
are set free with lime, extracted with alcohol, converted into sulphates, 
purified ; again set free with caustic soda, extracted with chloroform, and 
weighed after evaporating solvent.] 

399. Qualitative Tests. — Quinine : Fluorescence with dilute sulphuric 
acid in dilute solution ; very bitter j precipitated by ammonia ; chlorine 
tests. Cinchonine : Soluble in acids, precipitated by ammonia ; feixo- 
cyapide from concentrated solution only. 


CHAPTER LXXII 

402. Qualitative Tests. — Strychnine: Soluble in acids ; precipitated by 
ammonia ; dichromate crystal through solution in cold; concentrated sul* 
phuric acid, violet ; very bitter. Brucine : Soluble in acids, precipitated by 
ammonia ; very^bitter ; red with nitric acid, changed to violet by stannous 
chloride. Morphine : Soluble in acids ; blue with one or two drops of 
ferric chloride (faint ; masked by meconic acid) ; iodine with iodic acid 
(turns chloroform purple) ; small crystal of ammonium molybSate to cold 
solution of dry alkaloid in concentrated sulphuric acid, fine blue colour. 

402. Extraction of Alkaloids from Organic Mixture . — Extract with acid 
ether, followed by alkaline ether-chloroform as directed, using small 
quantities of solvent ; evaporate ether-chloroform, and test residue, 

[403. Estimation of Morphine in Opium . — The morphine is dissolved in 
lime-water, precipitated by ammonium chloride, impurities and extractive 
matter are dissolved out with alcohol, and the alkaloid precipitated in 
crystalline form from the aqueous solution by ether.] 


CHAPTER LXXIII 

[406. Thiophene . — Shake 10 cc. commercial benzene with ro cc. con- 
centrated sulphuric acid, containing a small crystal of phenanthraquinone 
or isatin (which make). Note blue,] 

406. DinUrothiophene . — Make a little metadinitrobenzene from “ 5 ® 
per cent, benzol,” and note red colour with alkali in alcohol (free from 
acetone). Compare with dinitrobenzene from pure benzene. 

406. Fwr/ufol.— Distil 5 grams chopped straw with 10 cc. concentrated 
hydrochloric acid in too cc. water. Note odour of distillate ; colour 
with anilin,e acetate ; immediate precipitate with phenylhydraztne acetate- 
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Purification of Gases and Very Volatile Liquids. 
Fractional Condensation , — Ethyl chloride, 23 ; aldehyde, 98 ; ethylene, 

128. 

Washing . — Dilute alkali, 23 ; sulphuric acid, 128 ; water, 23, 128. 
Drying . — Sulphuric acid, 23 ; quicklime, 64 ; calcium chloride, g8. 
Conversion into Sort'd.— Ethylamine, 64 ; aldehyde, 98 ; acetylene, 137, 


Purification of Liquids. 

Filtration and Mechanical Separation. — Large quantities, 25 ; rapid, 25 ; 
molten solids, 316, 567, 572 ; tap -funnel, 19 ; capillary pipette, 365. 

Distillation. — Moderate quantities, 4 ; large quantities, 7 ; small quan- 
tities, 18 ; reduced pressure, 184 ; with steam, 84, 315*407, 205 ; liquids 
of high boiling-point, 31/ ; fractional, 4, 6 , 314, 323; destructive, 33. 

Salting Quf.— ^Caustic alkali (alcohols), 18, 167 ; calcium chloride (middle 
fatty acids, ketones, etc.), 4^ 108 ; common salt (esters, soaps), 41, 53, 183. 

Extraction with Solvent Liquid. — Ether (general), 103, 322 ; dilute acids 
(basic liquids), 521 ; alkalies (phenolic and acid liquids), 328. 

Washing. — WaUr (general for insoluble liquids) ; dilute alkalies (haloid 
compounds, ethers, etc.), 19,28,129,315 ; brine (soluble enters}, 41 ; con- 
centrated alkali (alcohols), 18, 167 ; concentrated sulphuric acid (saturated 
compounds), 85, 94* 

Drying. — Calcium chloride (general for indiSerent liquids), 19, 28, 107, 
129 ; quicklime, caustic alkali (alcohols, amines), 7, i67» 322 ; anhy- 
drous potassium carbonate (esters), 41 ; phosphorus pentoxide (esters, 
nitriles), 41, 63 ; metallic sodium (ethers), 28, 568 ; fractional distillation 
(liquids of high boiling-point), 315, 317. 


Purification of Solids. 

Crystallisation.— FTom water (acids, salts, amides, amines, etc.), 25, 
^54* 325 ; alcohol (substances insoluble or too soluble in water), 218, 316, 
567 ; aceto]je (various], 86 , 149, 584 ; benzene, toluene (mainly aromatic 
compounds), 399, 503 ; petroleum (mainly aromatic compounds), 385 ; 
filtration of hot solutions, 316, 567 ; removing colouring matter, 208. 

Draining and Drying Crystals. —Vorom plate, 16 ; Buchner funnel, etc., 

333 V 33, 578. 

Fractional^ Cfys/aKtsafwrt,— Cooling, 33, 59» J differential solubility, 

54,121,170,178. 



6x6 Appendix 

DisUUaiion, — Fractional, 59, 141, 325, 482 ; with steam, 341, 383, 494. 
Suhlimaiion, — Dry, 346, 494, 505, 602 ; with dry steam, 459, 
Precipitation . — On formation, 156 ; by diluting solvent, 3815 by salt- 
ing out, 341, 479, 515 ; by conversion into less soluble compound, 239, 245. 

Extraction with Solvent . — Dilute acids (basic compounds), 381, 538 ; 
alkalies (acids, phenols), 345, 543; ether (general), 331, 40a, 401. 


Criteria of Purity. . , 

—Moderate quantities, 4, 561 ; small quantities, 570. 

• Melting-Point . — Moderate quantities, 33 ; small quantities, 55, 572. 

Specific Gravity. — Bottle method, 562 (or Westphal balance). 

Oxidation. 

Of Oxygen.— Paraffins (aldehydes),* 81; alcohols (aldehydes, acids), 
47> 103. . • 

Alhali Fmion (usually hydrolytic).— Fatty alcohols (acids), 56; cel- 
lulose (oxalic acid), 153 ; olefinic compounds (lower saturated com- 
pounds), 171 ; phenols (polyphenols), 401 ; indigo (indoxyl, etc.), 449, 
322 ; alkaloids (proximate constituents), 544, 545. 

Chromic Acid Mixture, — ^Primary alcohols (aldehydes), g8 ; secondary 
alcohols (ketones, acids), in, 114, 115 ; tertiary alcohols (lower ketones, 
acids), 120 ; olefines (acids), 129 ; aryl-hydroxylaniines (nitrosobenzenes), 
341 ; aromatic amines (quin ones), 399, 501 ; protected phenols (phenolic 
acids), 417, 

CJiromic Af^ydride (in Acetic Acid)* — Nhphthuleiie, anthracenes (quin- 
wies), 501, 503. 

Destructive. — (^mbustion, lo j copper oxide, 10, 17 ; nitric acid, 20 ; 
sulphiuric acid, 60. 

Hedogen and Alkali {Hypochlorites* etc .), — Methyl ketones (adds), 109, 
469 4 amides (lower amines), 274, 352, 535. 

Nitric Acid* Dilute. — Complex alcohols (acids), 151, 152, 153, 163, 233 ; 
alkylbenzenes, w-halides (acids), 359, 361, 363, 444 ; dialkylbenzencs 
(substituted benzoic acids), 425. 

Nitric Acid* Concentrated or — Chloral (trichloracetic acid), 

142 ; complex ureides (simple ureides), 251 ; naphthalene tetrachloride 
(phthalic acid), 427 ; anthracene (anthraquinone), 503. 

PermangancUe* > 4 ctd.— Alcohols (acids), 32; aldehydes (acids), 100; 
ketones (lower acids), 109 ; oxalic acid (destructive), 155. 

Permanganatet .Alhaline. — Acetic add (oxalic acid), 153 ; xylenes, 
xylylehe halides' (phthalic acids), 427 ; olefines — coli dilute (glycols), 
129, ;|68. , ' 

Silver Oxiie.— Aldehydes (acids), 100, 169. 

Su^huric A<^. — Naphthalene (with mercuric sulphate, phthalic acid), 
437 i piperidine (pyridine), 522, 

Reductiok. 

Aluminium Amalgam.— HdXoid paraffins (hydrocarbons), 83; ketonic 
esters (hydri)xy-est«s), 207 ; nitrophenols (aminophenols), 384. 

*11ie substaoees in parenthesis are the resulting pti^ucts. . 
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Ferrous Hydroxide. — Nitro-aidehydes (amino* aldehydes), 357. 

Formic Acid, — Acids (barium salts : aldehydes), 99, 355 ; glycerol 
(allyl alcohol), 167. 

Hydriodic Acid (of Iodine) and Phosphorus. — Middle and higher fatty 
acids (hydrocarbons), 93 ; complex alcohols (hydrocarbons), 160 ; complex 
acids (hydrocarbons), 193; hydroxy-acids, lactones (saturated acids), 
175, 208, 234. 

Hydrogen. — With reduced nickel : olefines (parafiSns), 129 ; benzenoid 
compounds (cycloparafBnoid compounds), 370, 372. With platinum 
black: acetylene (ethane), 136 . 

Iron and Nitro-compounds (amines), 322, 387, 497, 

Sodium and Alcohol. — Nitriles (amines), 64, 362, 376 j cycloid amines 
(alicycHc amines), 498, 522, 524 ; benzenoid acids— in amyl alcohol 
(alicyclic acids), 376 ; naphthols (alicycUc alcohols), 498. 

Sodium Aldehydes (alcohols), 100, 144 ; ketones (secondary 

alcohols), III, 114 ; acid chlorides (aldehydes, alcohols), 39, 99 ; acids 
(aldehydes, alcohols, in special cases only), 56, 152 ; lactones (aldehydes, 
acids), 196, 233 ; phenols (alicycLic alcohols, ketones), 398 ; phthalic acids 
(hydrophthalic acids), 430. 

Stannous Chloride {or Tin) and Hydrochloric Acid. — Nitro-compounds 
(amino-compounds), 322, 362, 419 ; diazonium compounds (hydrazines), 
338; azo-compounds (constituent amino-compounds), 514, 516. 

Stannous Chloride, Alkaline {Stannite). — Diazonium compounds (elimin- 
ation of group), 337- 

Zinc (or Copper'Zinc) and Water [or Acid). — Alkylhalides (hydrocarbons), 
83, 232 ; nitriles (amineg), 63 ; high fatty acids (alcohols), 56 ; aromatic 
nitro-compounds (nitroso-compounds), 341. 

Sulphides. — Nitro-compoun^ (amino-compounds), 322 ; polynitro- 
compounds (nitroamino-ccmpounds), 381. 

Sulphurous Acid and Sulphites. — Quinones (phenols), 399, 301 ; diazonium 
compounds (hydrazines), 338. 


Etherification. 

Esters hy Direct Interaction.-^Add and alcohol alone, 45, 155, 162. 299 ; 
with catalyst, 41 ; selective, 225 ; nascent acids, from salts, 42, 299. 

Esters from Limited Quantities. — Alcohol limited (acid chloride, acid 
anhydride), 43, 208, 348 ; acid limited (silver salt, alkyl iodide), 34, 43. 

Acetylation and Benzoylation of Alcoholic and Phenolic Compounds.-^ 
Acetyl chloride (cold), 208, (586) ; acetic anhydride, with sodium acetate 
or zinc chloride (hot), 232, (389) ; benzoyl chloride and soda (cold), 348. 

Ethers. — Ordinary etherification (pseudo-dehydration), 27, 51 ; alkyl 
iodides, sodium alkyloxides (in alcohol), 29, 51 ; iodides, sodium phen- 
oxides (in water or alcohol), 329 ; chloroform, substituted chloroforms 
{oriho’esters)t 87 ; aldehydes {acetals), loi. 


Hydrolysis and Hydration. 

Wafer .—Sodium alkyloxides (alcohols), 17 ; alkyl sulphates (alcohols), 
27 ; acid chlorides and anhydrides (acids), 37, 39 ; esters (alcohols), 43; 
chloro-acicls (hydroxy-acids), 149 ; alphyl haUdes (aromatic alcohols). 3^. 
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Alkali Carbonates. — Alkylene halides (glycols), 150. 

Caustic Alkalies, Aqueous. — Alkyl halides (alcohols)^4e2, through esters, 
1 12 ; esters (alcohol aud acid), 42 ; fats (soaps), 53 ; amides (acids), 61 j 
nitriles (acids), 63 ; chloral, chloracids, etc. (cMoroparaflSns), 142, 144 ;.pro- 
piolic aldehyde (acetylene), 1^3 ; phloroglucinol (aliphatic compounds), 402 ; 
volatile substances, 22, 24, 87. 

Caustic Alkalies, Alcoholic, — Fats (soaps), 50, 53, 

Alkali Fusion. — Sulphonic acids (phenols), 330, 397,398; influence 
of alkali, 401 ; of temperature, 398. (See also Oxidation.) 

Metallic Oxides and Water.— oxide : alkyl halides (alcohols), 112. 
Silver oxide : bromo-acids (hydroxy-acids), 206, 210 ; ammonium iodides 
(hydroxides), 277. 

Acids, Dilute. — Ethers (at high temperature, alcohols), 29 ; amides (acids), 
62 ; complex carbohydrates (simpler carbohydrates), 218, 220, 328 ; 
proteins (amino- acids), 288. , 

Acids, Concentrated. — Hydrochloric acid : nitro-paraffinoid compounds 
(acids, hydroxylamine), 301, 362. Hydriodic acid: methoxy-com- 
pounds (phenols), 329, 540, Sulphuric acid : ethers (alkyl sulphates), 29 ; 
a-hydroxy-acids (aldehydes), 176 ; aromatic sulphonic acids (hydro- 
carbons), 320, (496) ; aromatic nitriles (amides, acids), 346, 498. 

Nitrous Acid [Pseudohydrolysis)' — Amides (acids), 62 ; primary amines 
(alcohols and phenols), 65, 274, 330 ; amino-acids (hydroxy-acids), 283. 
But see also Condensation, 284, 333. 

Hydration. — Water or acids : unsaturated compounds, 144^ 157, 442, 496. 

Halogen Substitution. 

Direct Chlorination and Bromination. — Saturated and quasi -saturated 
compounds (halogen replaces hydrogen) : paraffins, 83, 93, 94 ; fatty acids, 
141, 142 ; saturated dicarboxylic acids, 206 j benzene, 314, 315 ; aromatic 
acids, 352 ; toluene, 360, 415. Carriers and their mechanism: 141, 142, 
315. Conditions of halogenating benzenoid compounds : 317, 326, 360, 415, 

Halogenation in presence of Water or* Alkali {Hypochlorites, etc.).— 
Aromatic compounds ; Amines, phenolsJ{ halogen in nucleus), 325, (326), 
330, 397 ; anilides (chloramines formed initially), 326. Aliphatic ketones, 
etc.: alcohols, methyl' ketones (chloroform, etc., by incidental hydro- 
lysis), 84, 109, 441, 469. 

Indirect Halogenation of Aromatic Compounds. — Through amino-com- 
pounds, by diazonium interactions, 336, 337. 

Halogenation of Sensitive Compounds. — Aldehydes (chloral dehydes), 
143,144..; aromatic amines (chloranilides, chloranilihes, etc.), 326,421; 
azo-compounds, 517, i 

Replacement of Hydroxyl or Oxygen by Halogen {Phosphorus and Sulphur 
'—Simple alcohols (alkyl chlorides, etc.), 19, 46 ; simple aliphatic 
and aromatic acid^ (acid chlorides, etCi), 37, 38, 319, 347 ; hyffiroxy-acids 
(chloracid chlorides, etc.), 175 ; phenols (halogen benzenes), 329 ; alde- 
hydes (alkylidene chlorides, etc.), 101, 356; ketones (diehloroparaffins, 
etc^), 109 ; complex alcohols (chlorbydrinsr secondary iodides etc.)* X12* 
168, 232. 
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Nitration. 

Dilute Nitric /cii.— Higher paraffins (nitroparaffins), .300; alkyl' 
benzenes (aryl'nitromelhanes), 362 ; cycloparaffins {alicycUc nitrO'Com« 
pounds). 3^1 ; phenols (mononitrophenols), 383. 

Concentrated Nitric Acid {or Fuming Acid), — I^otected anilines (nitr- 
acetaniiides, nitr anilines), 381, 421 ; mechanism, 382 ; nitrophenols (dini* 
trophenols), 386. 

Nitrosulphuric Acid. — Iso-paraffins (nitro-isoparaffins), benzenoid 

hydrocarbons {mono- or di^tro-compounds), 317, 380, 381 ; phenols 
(polynitrophenols), 385, 386. 

Indirect Nitration {Silver Nitrite). --Alkyl iodides (nitro-paraffins), 300 ; 
alphyl halides (w-nitro-compounds), 362. 

Esterification . — Simple alcohols (with urea ; alkyl nitrates), 299 ; com- 
plex alcohols (mtroglycerme, etc.), 162, 230. 


Ami NO-SU BSTITUTION. 

Direct Action of Ammonia. — Acid chlorides or esters (amides), 59, 62, 
156, 349» 356 ; alkyl or alphyl halides (amines), 273, 275, 279, 362 ; 
aliphatic chloro-acids (amino-acids), 282, 286. 

Indirect Substitution. — Nitro-compounds, etc., reduction (primary am- 
ines), 273, 301, 322, 362, 37r; amides, oxidation (lower primary amines), 
274 > 535 J nitriles, reduction (primary amines), 63, 362, 576 ; nitroso -com- 
pounds, reduction (primary amines and hydrazines), 339, 387. 

Protection of Amino-group from Further . 4 c^iow.— -Aromatic amines, 
acetylation (substitution and oxidation products), 325, 326, 381, 419, 420, 
421 ; *limiuo-acids, benzoylation (for resolution into active acids), 286, 348. 


SuLPHONATION. 

Concentrated Sulphuric Acid . — Benzenoid hydrocarbons (monosulphonic 
acids), 318, 416, 496; influence of temperature, 416; aromatic amines 
(e.g. sulphanilic acid), 326 ; mechanism (sulphonamic acids), 326 ; protected 
aromatic amines {e.g. toluidine-sulphonic acids), 421; pyridine (mono 
sulphonic acid), 528. 

Fuming Sulphuric Acid or Chlorosuiphonic Acid . — Benzenoid hydro- 
carbons (monosulphonic acids cold; disulphonic or trisulphonic acids, 
^ot). 318, 397. 


AtJDiTiVE Actions. 

Alkyl iodides, — ^Tertiary amines (methiodides, etc.), 277 > 324, 521. 
Ammonia {Dry). — Aliphatic aldehydes (aldehyde -ammonias), 102. 
Bromine and Chlorine, — Olefinic compounds (dibromides, etc.), 129, 
377 » acetylenic compounds (tetrabroinides, etc.), 137, 138 ; benzenoid 
compounds (hexacfalorides, tetrachlorides), 317, 495- 
Halogen 4 rwis.— Olefinic compounds (hydrochlorides, etc.), 129, 171. 
Hydrogen and Oxygen. — See Reduction and Oxidation. 

H^tocymiic add iCyanogen Ions ). — Aldehydes (cyanhydrins, hydroxy* 
Qitriles), 10a, 176,364; ketonic compounds (cyanhydrins), 108, 235. 
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Sodium BkulpMte {Concentrated Aqueous ). — Aliphatic methyl ketones 
[e.g. acetone sodium bisulp)iite), io8 ; complex aldehydes {e.g, glyoxal 
sodium bisulphite), 133 ; aromatic aldehydes {e.g. bcnzaldehydc sodium 
sulphite), 356. 

Sulphuric Acuf , — Unsaturated hydrocarbons (sulphates, alcohols, etc.), 
129 * 137 * 


Direct Decompositions, 

Resolution by Distillation . — Polycarboxylic acids (simpler acids), 165, 191, 
192, 204, 215, 433 ; phenolic acids (phenols), 408, 41 1 ; amino-acids 
(amines), 283, 352. 

Resolution by Heating with Alkali . — Carboxylic acids (hydrocarbons, etc), 
82, 345, 427, 521, 529; substituted carboxylic acids (substitute hydro- 
carbons, etc.), 283, 408. 


Dehydration, Dehalogenatioh and Condensation. 

Dehydration. — By acetic anhydride : aldoximes (nitriles), 103, 476 ; aldols 
(unsaturated aldehydes), 441. By heat : ammonium salts (amides), 62 ; 
ortho-dibasic acids (anhydrides), 195, 199, 201, 427 ; hydroxy-acids (lac- 
tones or unsaturated acids), 170, 177, ig6, 201. By potassium bisulphate : 
glycerol (acrolein), 168; terpineol (limonene), 464. By phosphorus pent- 
oxide : amides (nitriles), 63, 156. By sulphuric acid (pseudo-dehydration) : 
alcohols (olefines, ethers), 27, 128.. 

Dehalo gencdiqn. — By aqueous alkali : alkyl iodides (olefines), 112. By 
alcoholic alkali: alkyl polyhalides (unsaturated compounds), 12^ 133, 
135, 171, 377, 445, ^446. By soda-lime : alkyl and alkylene halides 
(olefines, acetylene), 128, 133. ;Ey zinc-dust: alkyl polyhalides {e.g., 
ethylene bromide, iodoform, to ethylene, acetylene), 128, 133. 

Condensation and Polymerisation of A Idehydes and Ketones. — By acids : 
aldehydes (complex cyclic ethers), 102, 104 ; acetone (unsaturated ketones), 
109, 133 ; aromatic and aliphatic aldehydes (unsaturated aldehydes), 443. 
By alkalies : formaldehyde and lower aldoses (hexoses), 240 ; aldehydes 
(aldols), 189. By alkaline cyanide : aromatic aldehydes (benzoins), 475* 
By alkalies, with subsequent hydrolysis (possibly) : Formaldehyde and 
aromatic aldehydes (alcohol and acid), 104, 361. 

Condensation of Aldehydes, Ketories and Esters. — By sodium ethoxide 
(Claisen condensation) : acetone, esters (e.g. oxalacetate, acetylacetone), 
188; benzaldehyde, ketones (benzylidene -compounds), 357, 454* 53^? 
ethyl oxalate, ethyl dimethylglutarate (cycloid keto-ester), 458. By 
acetic anfiydride (Perkin condensation) : aromatic aldehydes, acetic acids 
(unsaturated acids), 441. Esters alone. — Ethyl acetate (acetoacetate), 
183, 185; ethyl malonate (phloroglucinol-dicarboxylate), 402 ; ethyl suc- 
cinate (tetrahydroquinone-dicarboxylate), 403. 

NUrogefi^ Condensations. — Phenylhydrazine : aldehydes, ketones, acids 
(^ehyde-hydrazones, ketone-hydrazones, acid hydrazides, osazones), 
103, 109, 176, 233, 238, 239. Hydroxylamine : aldehydes, ketones 
(aldoximes, ketoximes), 103, log, 476, Semicarhozidt : alt^hydes, ke* 
;{ones (seinicarbazones),.296, 356, Aniline .-aromatic aldehydes (aldehyde* 
Mifineslb 356. NitrouS'Odd : methyl or methylene-ketones (isbmtroso- 
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compounds, aldoxime5),-303, 454, 536 ; amino-csters, aromatic amino-com- 
pounds (diazo-esters, diazonium compounds), 333, 336; secondary amines, 
tertiary aromatic amines (nitroso-compounds), 276, 324, 387. Ammonia : 
aromatic aldehydes (hydramides), 356. CMom/om ; amines (alcoholic 
alkali; isocyanides), 85, 331. 

Other Condensations. — Carbon dioxide, chloroform { Kolbe’s and Reimer’s 
reactions) : phenates (aromatic hydroxy-acids, aldehydes), 406, 407, 409. 
Glycerol (Skraup’s reaction): aniline (quinolines), 520, 531, Formic acid: 
sodium ‘formate (oxalate), 127. 

Synthetic Methods. 

Direct Synthesis. — Methane (with formaldehyde, 81, methyl alcohol 
104, and carbohydrates, 104) ; from carbon (element, monoxide, di- 
sulphidenf^ aluminium carbide), 82, 83. Acetylene (with ethylene and 
alcohol, 136, 129, hydrogen cyanide, 137, benzene, 314, pyridine, 
521); from calcium carbide, 135. Formic add; from carbon monoxide 
and dioxide, 49. Acetic acid (with acetone, 107) ; from carbon disulphide, 
142. Oxalic acid ; from carbon dioxide, 155. Thiocyanates (with hydro- 
gen cyanide, 258, and urea, 247); from carbon disulphide, 270. Urea; 
from carbon monoxide and dioxide, 246. 

Cyanide Synthesis. — Formic acid and methyl alcohol ; from hydrogen 
cyanide, 70. Acetic acid and ethyl alcohol (with acetaldehyde, 100, 98, 
and ethyl acetate, 4r) ; from methyl alcohol, 71, 72. Isobutyric acid, from 
acetone, 119. Malonic acid (with numerous synthetic products, below) ; 
from acetic acid, 19 1. Succinic acid (with malic and tartaric acids, 206, 
210) ; from ethylene, 194. Benzoic acid (with benzaldehyde, 355); from 
benzene, 346. 

Cy%nhydrin Synthesis. — Lactic acids ; from aldehyde, 176. Tartaric 
acids (through glyoxal, 152) ; from alcohol, 2ir. Citric acid (through gly- 
cerol, 16 1) ; from acetone, 215. Glycine; from formaldehyde, 282. 

Acetoacetic Synthesis. — Alkylacetic and dialkylacetic acids, 187, 188 ; 
alky lacetones and dialkylacetones, 187, 188; malonic acid, 191; uric 
acid, 252 ; collidine, 527 ; antipyrine, 554 ; pyrones, 556; from ethyl 
acetate, through ethyl acetoacetate, 183. 

Malonic {and Cyanaceiic) Synthesis. — Alkylacetic and dialkylacetic acids, 
192, 193 ; purine compounds, 255 ; cycloparaf0.noid compounds, 375, 
376 ; phloroglucinol derivatives, 402 ; terpenes, 466 ; proline, 552 ; from 
acetic acid, through chloracetic and cyanacetic acids, 141, 19 1. 

Cinnamic Synthesis. — Cinnamic acid and aldehyde, 441, 443 (with 
coumarin, 443, tyrosine, 446, indigo, 446, quinoline, 574}, from benzal- 
dehyde and acetic acid. 

Various Syntheses with Halogen Compounds. — Magnesium alkyliodides : 
secondary alcohols (from aldehydes), 112, 122 ; tertiary alcohols (from 
ketones and esters), 120 ; carboxylic acids (from carbon dioxide), 346 
(572). Zinc alkyls : ketqges (fruffl acid chlorides), no. Sodium conden- 
sations : parafSns and cycloparafBns (from alkyl halides), 92, 232, 373 ; 
alkyl-benzenes (from alkyl and aryl halides), 359. Aluminium chloride con- 
densations : aromatic ketones (hydrocarbons, acid chlorides), 350 ; alkyl- 
benzenes (hydrocarbons, alkyl chlorides), 360, 482 ; rosaniline dyes 
(through aUtyl-b^enes), 483. 

Pseudo-I^aturdl Syntheses. — Carbohydrates, 104, 240, 224; fats, 162; 
polypeptidesr 291 ; tei^eaes, 465 5 pyridine alkaloids, 329, 553- 



QUALITATIVE ANALYSIS 


The following scheme will be found useful in determining the nature of 
artificiai mixtures of the organic compounds specified below with inorganic , 
acids, bases, etc. (The tests for the individual compounds are given under 
the r^pective compounds.) 


LIST OF SUBSTANCES 

I. Acids . — {Precipitable by calcium chloride ; precipitable or coloured by 
ferric chloride ; precipitable by mineral acids ) : — 

i. Calcium salts precipitaUe: oxalates (§122), white, immediate,; tar- 
trates (§159), white, on rubbing ; citrates (§ 164), white, on boiling 
with ammonia, 

ii. Ferric salts coloured, and precipiiable in cold; lienzoatea {^26^), buff, 
pulverulent ; hippurates (§ 271), brown, fiocculent ; succinates (§ 150), 
red, gelatinous, [Tartrates also precipitated from very concen- 
trated solutions, and cyanides from sHl^htly alkaline solutions,] 

iii. Ferric salts coloured and precipiiable on boiling : acetates (§ 29), red 

, solution, brown precipitate ; formates (,§ 44), same, 

iv. Ferric salts coloured and imperfectly precipiiable : gaUales (§3ii)» 
black ; tannatea (§ 31 1), black ; forrocyanldes (§ 202), dark blue. 

V. Ferric salts or compounds coloured and soluble ; thiocyanates (§ 210), 
red; leriloyanides (§ 202), ; salicylates (§ 308), ,* 

phenates (§ 254), violet. 

vi. Convertible into compound precipiiable by ferric chloride: Simple 
eya&Mes (§ 201). 

vii. Insoluble in acids : utlo add (§ 195) ; benzOic and succinic acids ; 
phenol [oil from concentrated solution). 

Tl. Alraloips and Amines . — {PrecipitaUe by sodium carbonade or 
cavshc sodit) : — ‘ 

i. SUid precipitate : ttryehnlne (§ 402) ; qnlnlne (§ 399) j morphiae 
(§4oa). 

■fi. Ofl tjrom concentrated solution) : anIHiie|||249). 

III. Amide. — Soluble in water ; hydrolysable by concentrated caustic soda ; 

vea. 

IV. Carbohydrates. — {Precipiiable only by special agenls: non-volaHle): 

i Soluble in cold water : eaa^^agar (§ 167), readily ; ft tyo), 

with difficulty ! tffueota {\ i 6 b)» readily, 
fii Soluble only in hei waUr t atereh (} 176). 
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V. Alcohols and Derivatives. — [Distillable alone, or with alkalies or 
acids ; and precipitable only by special agents) 

i. Stable to alkalies : alcohol (§ 19), readily volatile ; glyoorol (§ 137), 
difficultly volatile ; [acetic and formic acidsj. 

ii. Decomposed by alkalies: chloral {§115). immediatd/; chlorolorm 
(1 73), with concentrated alcoholic alkali ; [hydroc 3 ?'Rnic acid]« 


PROCEDURE 

A. Preliminary Examination of a Solution. — 

i. Note colour,^ odour 2 (especially on warming) ; reaction to litmus. 

ii. Evaporate some to dryness on water bath, and note whether no 
• residue , 3 syrupy residue,* or solid residue. Examine solid residue 

by 

iii. Distil some from test tube with cork and bent tube leading to 
bottom of second test tube cooled in beaker of water ; note odour 
and reaction of distillate, and test by A-i and C, and speciaily.s 

iv. If solution acid, distil with slight excess of caustic soda, and examine 
distillate by A-i and C. 

V. If solution alkaline, distil with slight excess of dilute sulphuric 
and examine distillate by A-i and C. 

B. Preliminary Examination of Solid. 

I. Heat a little in bulb-tube and note odour,® melting,^ partial or 

e complete volatilisation,® blackening.® 

ii. If residue remains in bulb -tube, heat on fragment of porcelain and 
examine carbon-free residue (if any) for metals.*® 

iii. Boil s-ubstance with* water. If entirely soluble, proceed to A-i-iii-iv 
and C ; if partially soluble (evaporate few drops, filtered, on watch- 
glass at 100°), filter and boil residue with small quantities of water 
as long as anything is dissolved. Examine solution by A-i-uHv 
and C. 

iv. Heat solid, or insoluble and soluble portions separately, to redness 
on. fragment of porcelain. If metallic residue, boil portion with 
sodium carbonate, and filter (see C-i), and examine solution by 
A-i-iii-iv and C. Precipitate may contain alkaloids ; shake with 
a little cold water and ether-chloroform, latter dissolves alkaloids. 


1 Iron and copper salts coloured ; organic solutions often turn brown from oxidation. 

* The following have ebaracteristio odours Alcohol, chloral, chlorofonn, aniline, 

' phenol, tannin : acetic, formic, hydrocyanic and benzoic acids, and certain of their salts. 

3 The lollowing we completely volatile at loo'^ Free acetic, formic and hydrocyanic 
adds ; water, aloohol, chloral, and chloroform, 

* The following are syrupy Glycerol ; free phenol ; sugars (milk sugar may crystallise 
quic^y; free tartaric and dt|||adds (crystallise only slowly). 

B The following are easily Watilised Alcohol, chloral, chloroform, and free acetic, 
tonnic and hydrocyanic adds; the following with difficulty : glycerol, free benzoic and 
Bucdnic adds ; anlliTie (from alkaline solution), phenol (from acid solution). 

8 Burnt feather odour =uric add, alkaloids (nitrogen) ; burnt sugar =sugai:«, tartrates ; 
tbxmiaticxheiUM^id adds.; snfiocatog^succiDates, citrates. 

^ ur^. and many acids and salts melt easily. 

8 Cmpietely or psutially voUtile, see Notes 3 and 5. 

8 BlackeniDg«»caii>obyOTates, tartrates, etc. 

38 Sdidnaii^ on igmtiai contains all metals except mercury and arseoia and possible 
antimony ; tiamine for these spedal^. 
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V. If no residue on ignition, and solid insoluble, dissolve in dilute 
sulphuric acid or caustic soda. 

C. Examination of Solution. 

i. If acid, neutralise ; add solid sodium carbonate, a little at a time, as 
long as there is violent effervescence, then add more of the acid 
solution until the whole is distinctly acid ; then neutralise with 
ammonia. Precipitate contains metals (except antimony and, 
perhaps, lead ; and iron and copper in presence of hydroxy-com- 
pounds) ; these must be eliminated with sulphuretted hydrogen (or 
ammonium sulphide) ; and alkaloids (B-iv). 

ii. If alkaline, neutralise with dilute hydrochloric acid, aud note 
odour. If precipitate, see I-vii. 

iii. To portion of filtered, neutralised solution add ferric chloride ; if 
precipitate, filter off, and examine for acids, I-ii-iv ; boil filtrate, 
and if further precipitate, filter off and examine for. acids, I-iii ; 
if filtrate still coloured, examine for acids, I->iv-v. 

iv. To fresh portion add amm onium chloride, ammonia (slightly 
alkaline only) and plenty K calcium chloride (half volume) ; note 
whether precipitate immediately, or on rubbing, or only on boiling 
with amm onia (I-i). Ammonia may precipitate alkaloids (Il-i, 
B-iv), 

V. Examine for alkaloids, first by general tests, and then, if present, by 
special tests ; aniline always specially, after ether-chlorofomi 
extraction. 

\i. Examine for urea, sugars, and starch. 

yii. Examine for cyanides (beaker tests) ; mercuric cyanide must be 
decomposed with metallic' zinc. 

viii. Examine for uric acid. 

• D. Examination of Mixture. * 

If two organic substances are present, the second is found m the same 
’ way, bearing in mind that its reactions may be obscured or modified 
by the presence of the first. Volatile and non-volatile substances 
are readily separated by distillation ; precipitable and non-pre- 
cipitable by filtration. 


11 Probably uric acid or fr« alkaloid. 
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Agricola, 193 

American Indians, 93 

Anderson, 521 

Arabian aJeheraists, 3 

Armstrong, 17, 320, 336, 368, 483, 500 

Aschan, 460 * 

AvogadrOj 12 

Bac>'er, 129, 293, 329, 34*, 34^, 370, 372, 
374, 377, 378, 38n; 402, 404, 430, 436, 
446, 449,489, 491, 524, 553 
Balard, 129, 156 

Bamberger. 335. 336, 382. 418, 498, 324 

Bandrowski, 172, 203 

Bartoletti, 220 

Basil Valentine, 23, 33, 36 

Bassett, 88 

Baubof, 156. 

Baumann, 3TI, 348 
Beckmann, 15, 351 
Behreiid, 253 

Beilstein, 322, 370, 418, 443 
Bernard, 228 
Bertagnini, 102 

Berthdot, 41, 47, 49, 82, 87, 93, ni, 112, 
135, 160, 164. 162, 168, 314, 368, 452, 
^ 459, 473 

Bertram, 459 • 

Berzeihis, 1, 18, 30, 34, 58, 102, 177, 210 
Bone, 82, 102 
Boullay, 156, 443 
Boyle, 45 

Braconnot, 230, 283 
Bredt, 457 

Brochet, 274 • < ' 

Brown (Crum), 197, 310, 394 

Brognatelli, 251 

Bruyn, 220 

Buchner, 25, 224 

Buckton, 71 

Bunsen, 46, 307 

Butlerow, 120, 240 


Cahours, 167, 407, 52a 
Caillot, 430 

Cannizzaroy,36o, 361, 363, 47 
Carius, 20, 329 
Caro. 488, 49r, 515 
Cptanjen, 269 
49, 105 
unatUway, 326 


ChevTcul, 50, 54, 55, 56, 170, 29;’ 

Claisen, 171, 188, 349, 448 

Claus, 147 

Clermont, 88 

Cloez, 267, 279 

C<fcen, 83 

Collie, 398, 500, 556 
Combes, 402 
Conrad, 192 
Couper, 75, 316 
Crafts, 3 Go 
Cross ley, 377 
Curtius, 283, 2S4, 285 


Dabit, 26 
Dale, 153 
Dalton, 1, 12 
Davy (E.}, 136 

Debus, r52. 153, 163, 21T, 555 
Dcimaii, 128, 130 
Delalande, 443 
Dessaignes, 191, 282, 350 
Deville, 380 
Dewar, 137 
Diesbach, 260 
Dobereiner, 98, 103 
Dubrunfaut, 220 
Duclos, 417 

Dumas, 46, 47, 57, 59, 60, 63, 82, 83, 12I, 
142, 145, 443, 503 


Einhom, 408 
Erdmann, 221,448 

Erlenmeyer, sen., 119,^21, 150, 445, 499 
Erienmeyer, jun., 446 


Faraday, 132, 313, 314, 317, 496 
Fehling, 194, 209, 219, 346 
Fenton, 163, 209, 239 

Fischer (E.), 103, 219, 221, 225, 233, 236, 
238, 239, 240, 243, 253, 254, 256, 284, 
286, 287, 290, 338, 339, 481, 482, 552 
Fischer (0.), 481, 482, 488, 531 
Fittig, 193, 196, 360, 424, 429, 436, 444.' 

473, 500, 507 
Forster, 400 
Fortey, 377 
Fourcroy, 33 
Fownes, 549 

Frankland, 22, 71, 73, 83, 91, 92, 95,. iw 
184, 187, 309 
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Fr 6 riay ,442 

Freund, no, 373 .* 

Friedel, zii, 117, 161, 308, 360 
Friedl^der, 338, 524 


Fritzsche, 325, 352 

Gabriel, 282, 363 
Gardiner, 46 r 

Gattermann, 319, ,337, 433 
Gauls, Ancient, 34 
Gautier, 102, 261, 263 
Gay-Lussac, 20, 157 
536 

Gerhardt, 14, 38, 39, 57, 62, 75, 319, 320, 
3*5, 326, 453» 520 
G^land, 406 
Geutber, 183 
Giesecke,*533 
Girard, 487 . * 

Gladstone, ^3^% 

Glaser, 445, 

Glauber, aig 
Gmelin, 281, 31Z 
Goldschmiedt, 545 
Gorup-Besanez, 239 
Gottlieb, 49 
Graebe, 499, 505, 506 
Greeks, Ancient, 36 
Grethe^ 382 

Griess, 332, 333. 335, 337, 343, 497, 5 H, 

515,516 

Grignard, 83, iia, 120 
Grimaux, 215 
Groves, 23, 501 
Guthrie, 133 

Haller, 215, 455 

Hantzsch, 302, 334, 335, 363, 476, 483, 517, 

5«7 

Harden, 223 - 
Hartley, 513 
Heintz, 54, 55 
Hempel, 6 
Hennell, 27, 129 
Henry, 171, 368 
Hermann, 404 
Heumann, 448 
Hewitt, 517 
Hill, 224 
Hlasiwetz, 40Z 

Hofmann, 65, 69, 71, 104, 167, 271, 274, 
276, a77>3o6. 30?, 322, 324, 325. 326, 
381, 383, 419, 481, 486, S12, 522 
Hofimann. r4i . 

Hoogewert; 428, 525 
Hopkins, 152, 250, 289, 553 
Hoppe-S^lex, 174 
Horbaczewski, 233 
Howar^ 269 
Hunt, 330 

Ipatieff, 470 

i aoobswi, 465 
ena, 474 
OWtt,^35 


Kekul6, 75, Z02, «I3, 313, 330, 367 

368, 482 
Kestner, 210 
Kidd, 494 
Kiiiani, ^4, 235 
Kirchhoff, 218 221 
Kjeldahl, 60 
Klobbie, 435 
Knoeveuagel, 426 
Knorr, 544, 554 
Korner, 392, 397, 522 
Kolbe, I, 92, III, 120, 142, 191, 312, 406, 
484 

Komppa, 458 
Konovaloff, 300 
Kossel, 535 
Krafft, 115 
Kundig, 62 
Kunkel, 300 


I^adenburg, 64, 279, 309, 437, 322, 523, 533 
Lapworth, 141 * 

Lassaigne, 60, 201 . 

Lauraguais, 34, 42 

Laurent, 14, 84, 197, 33d, 386, 427, 428, 
448, 455, 475, 477, 494i 495, 503 
Lavoisier, z, 10, 32, 2^ 

LeBel, 179, 278 
Leiebvre, 1G8 
Lemery, 108 
Letts, 346 
Lewkowitsch, 303 
Lieben, 50, 73, 117, 120 
Lieberraann, 330 

Liebig, 4, ii, 29, 59, 84, 85, 98, loi, 144, 
165, 177, 214, 248, 252, 284, 298, 347, 
.349, 355, 445. 475, 476 
liebreich, 144, 294 
Limpricht, 108, 477 
Linneman, 39 
Llubawin, 153 
Lbwig, 86, 3it 
Lowitz, 8, 220 
Lully, 7 
Lumiffe, 384 
Lunge, 315 
Luynes, iij 
Lwow, g6 

Macquer, 260 
Mager, 372 
Mansfield, 314 
Maquenne, 404 
Marcet, 234 
Marchlewski, 236 
Maickwald, 225 
Maikownikoff, 137 
Marsh, 459 
Martius, 498 
Mayer, 539 
Meoicus, 253 
Medlock, 479 
Melsens, t, 142 
Mendel^, 9* 

Mendius, 64, 362 
Mene, 513 
Menschutkin, 277 
Merck, 545 
Haling, 398 
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Kerr, 346 

lle5rer i\^ctor), 13, 103, 10% 301, 303, 
304, 342. 343, 395, 543 

Mich^, 187 
MUloa, 299 

Mitscherlicb, 314, 318, 319, 51a 
Moissaa, S3, 133 ' 

Morin, 464 

Miiller, 141, 14a, igi, 453 
Muspratt,38i 


Naegeli, aaS 
Nef, 262, 263, 269, 301 
Newth, 12B 
Nicholson, 313 
Niemann, 537 
Nietzki, 399, 403 
Noad. 423 
Nobel, 162 
Noelting, 499 


Pasteur, i2t, i8r, an, 212 
Payen, 224 
Pe^man^ 215, 2^ 

Peligot, 46 

PeUetier, 359, 538, 54 %. 

Pelouze, 92, 459 

Perkin, sen., 211, 282, 441, 479, 540 

Perkin, jun., 372, 375, 433, 466, 467 

Pictet, 534 553 

Pinner, 140, 147 

Piria, 100, 407 

Playfair, 93 

Pope, 278, 309, 3lt 

Porret, iio 

Posselt, 534 

Proust, 235, 287 

Prud’homme, 531 

Puidie, 178 


Ramsay, 520, 5*1 
Raoult, 15 ' 

Ray. 47 . 48 

Redtenbacher, 118, 168, 169 
Regnault, 84, 85, 86, 133 
Reicbenkwh, 93 
Reimer, 407 
Reinsch, 398 
Remsen. 337, 353 
Reynolds, 132 
Reynolds (Emerson), zfo 
Riche, 329 
Rochle^r, 503 

Romans, Ancient, 36, 54, 93, 41* 
Roscnstiehl, 479 
Rossi 50,73, 1 17, 120 
Rouelle, 246, 350 
Ruff, 243 

Runge, 235, 322, 328, 520, 531 


San(imeyer, 337,345 

Saussnre, ii 
t*y** 5 ®. *71, 195 
?«urdmger, 178 


Scbeele, 41, 42, 47, 49, 70 98, 153, 154, t6o, 
174, 206, 208, 214, 250I 259, 268, 343, 
402, 411, 550 
Scheerer, 404 
Schiel, 57 
Schiff, lOo 
Schmitt, 406 
Schbnbein, 230 
Schorlemmer, 92, 94, 96 
Schotten, 348 
Schiitzenberger, 32, 44 
Schweizer, 230, 463 
Beignette, 208 
Selmi, 279 
Ser turner, 543 
S^ullas, 19, 86 
Silva, 161 
Simon, 444 
Simpson ( J, Y.), 83 
Simpson (Maxwell), 194, 714 
Skraup, 520 
Sobrero, 162 
Souberain, 7, 84, 85 
Squibb, 8 
Stahl, 33 
Stas 543 

Stenhouse, 242, 303, 410 b 

Strecker, 149, 174, *55, *86, 293, 295, *97 


Taniet, 234 
Taylor, 46 
Terry, 416 
Thiele, 296 
Tilden, 467 
Tollens, 167, 444 
Traube, 186, 326 


Unverdorben, 322 

Valerius Cordus, 28 
Van’t Hoff, 15, 179, 202 
Vauquelin, 33, 228, 287 
Verquin, 479 
Vincent, 276 
Volhard, 141, 143, 207 
Volta, 8t 


Wade, 263 
Wagner, 466, 469 
Waller, 247 
Wallach, 460 
Watts, 93 
Wedekind, 278 
Wertheim, 167 
Willgerodt, 342 
Williams, 92 

Williamson, 29, 38,51,87, lOi, tog, 113 
Willstdtter, 401, 537, 53 ^ 

Winckler, 364 
Wislicenus, 176, i 77 . t88 
Witt, 488,513.515 

WShler, 1, 165, 247, 248, 252, 266, 267, 347, 
355 , 399.475 
Wohl, 243, 342 
Worstali, 300 
Woskresensky, 254, 400 
Woulfe, 385 
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Wreden,37o Young (S.), 6, 8 

Wurtz,4, 64, 92, 95 » * 00 i ^*8, 150, 131, 

176, 267, 273, 274, 293 » 330 

"Wynne, 500 3°9 

' Zeisel, 540 

Young (J.)» 94 32*1 474 . 497, Vf 



SUBJECT INDEX 

(Attention fe directed to the synopses and synoptical charts at the end of 
chapter.) 


Abietene, 471 
Abietic add, 471 
Absolute alcohol, 7 
Acenaphthene, 498 
Acetal, loi 

Acetaldehyde, 98 ; chloro-derivatives, 
144, 145 ; constitution, 100 
Acetaldoximes, 103 . 

Acetals, 145, 171 

Acetamide, 59 ; constitution, 67, 80 
Acetamidine, 295 

Acetanilide, 325 ; ijihstitution pro- 
ducts, 382 

Acetates, metallic, 36 ; electrolysis, 92 
Acetic acid, 34, 35 ; chemical nature, 40 ; 

constitution, 77 ; synthesis, 71, 142 
Acetic acids, substituted, 141, 149, 283, 
285, 303 

Acetic anhydride, 39 ' 

Acetic chh^de, 38 

Acetic ether (or ester), 42 

Acetic fermentation, 32^25 

Acetiminoether, 296 

Acetins, 162 

Acetoacetic acid, 183 ; aldehyde, i8g 
Acetoacetic ester, 183 
Acetoacetic synthesis, 189 ; and Summary 
Acetoacetic urdde, 252 
Acetobromamide, 274 
Acetomalonic ester, 191 
Acetoiiamines, 530 

Acetone, io8; constitution, 109; syn- 
thesis, 107, no 
Acetone diloride, 109 
Acetone halogen-derivatives, r6i, 215 
Acetone-dicarboxylic add, 215 
Acetones, alkyl,^ synthesis of, 186 
Acetonic adds, 215 
Acetonitrile, 63, 71- 
Acetonylacetone, 551 

Acetophenone, 350; oxime and trans* 
lonnation, 331 
Acetopropior^ add, 195 
Acetopropyl alcofeol, 189 
Acetosucdnic esters, 194, 551 
Acetothiftnwie, 548 
Acetotohiidides, 419 
Acetoxime, log 
Acetyl 38 

Acetvl cyanide, 363 
Aci'tyl osiJ|j^ 135 


Acetyl radical, 39 

AcetylaoetoneS, 189, 556 

Acetylation of alcohols, 44 ; of amines, 381 ; 

s« also Summary 
Acetylchlorhydrose, 236 
Acetylene, 136; constitution, 136; syn- 
thesis, 135 

Acetylene cyanide, 205 
Acetylene halogen derivatives, 137, 202 
Acetylene linkage, 136; cause of insta- 
bility, 374 

Acetylene-carboxylic adds, 172, 203 
Acetylenes, 137 

Acetylenic, compounds : aliphatic, X37, 
172, 204: aromatic, <445, 447, 477 
Acetylides, metallic, 135, 136; 171, 172 
Achroodextrin, 229 

Acid anhydrides, 39, 51; diba^c, 19s; 

condition of formation, 198 
Acid chlorides, 38, 319, 347 
Acid decomposition of acetoacetates, 18S 
Add radicals, 40, 347 
Acid yellow, 514 

Acidic hydroxyl, 40; distinction from 
alkylic, 44 

Acidity, conditions of, 43, 382,383 
Adds, aliphatic, 58, 97, 198; aromatic, 
353i44i; unsaturat^, 172, 204, 433 
Adds, relative strength and stability, 146 
Acridine, 532 
Acridinic add, 332 
Acritol, 241 

Acrolehi, 168; dibroraide, 169 

Acrolein aniline, 524 

Acrosazone, 240 

Acrose, 240 

Acrosooe, 240 

Acrylic add, 169 

Acrylic aldehyde, *168 

Acrylic series, 170 

Active amyl alc^ol^iai, 180 

Active valeric adds, 12 1 , i8d ; synthesis, 

187, 193 ■ 

Activity, optical, i 77 
Acyl radicals, 40 

Ad^tive compounds, t02, 108, 129, i 37 i 
274, 556; SM also Summary 
‘ Adipic add, 197, 233 
Adjective dyes, 518 
Adrenaline, 410 
‘ol, 124 
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’Olic add, 135 

Alanine, 286; resolution, 286; hydioxy 
derivative, 287 

Albumen, 288, 289 ; constitution, 290 
Albuminates, zSq 
Albuminoids, 280, 291 
Albumoses, 289 

Alcohol, 8; chemical nature, 24, 3° I 
composition, 15; constitution, 7b; 
oxidation, 157; synthesis^ 72, 129 
Alcohol of crystallisation, 9, 16 
Alcohol radicals, 114, Ii5> 

Alcoholates, 9, 16 
Alcoholic adds, 149 
Alcoholic fermentation, 222, 223 
Alcohols, aliphatic, 97 ; aromatic, 361 ; 

pol^ydric, 242; unsaturated, 172 
Alcohols, jHimary, 114; secondary, 114; 

tertia^, 120; differentiation, 122, 30Z 
Ald^yde, see Acetaldehyde 
Aldehyde raiKcal, 101 
Aldehyde resin, 103 
Aldehyde-ammonia, 99, 102 
Aldehydes, aliphatic, 105 ; aromatic, 357, 
357 ; complex, 242 ; relaticm to alcohols 
and acl^, 105 
Aldehydic adds, 152 
Aldehydopropionic acid, 195 
Aldehy^ols, 10 r, 144 
Aldol, jo2 , i8q 
A ldol condensation, 189 
Aldoses, 238; deg;tadation, Hy, syn- 


thesis, 241 .. 

AMoximes, 103, 303; aromatic, 350; 

stereoisomerism, 475 
Alicyclic compounds, 501 
Aliphatic compounds, 56 ; complex, 140 
Alizarin, 505 ; constitution and synthesis, 
505 ; manufacture, 506 
Alizarin blue, 531 

Alkaloids, animal, 279 ; purme, 254 ; 
vegetable, 520 

Alkaloids, detection, 339, 543 
Alkyl ramcals, 30 

V^cybpetic acids, synthesis of, 186, 193 
AikyHc hydroxyl, 30; distinction from 
acidic, 44 

AHantoin, 252 x- 

Allelotro^c compounds, 186 
AUene, 137 ; tetrabromide, 138 
Ahocinnamic acid, 442 
Ailophanamide, 248 
Allophanic ester, 248 
Alloxan, 251; oxime, 256 
AUoxamc add, 251 
Alloxantin, 231 

JUjyl alcohol, 167 ; KMistitution, ro; 
Allyl ibdide, 168 
Allyl isotiiiocyanate, 27X 
AllylSulphide, 310 

Allyleoes. i37 
Allflpyridine, 534 

Almond oil. 170 ; bitter, 355 
Alphyl radicals, 362 
Ai iiminium alkyl con^wunds, 309 
Amber, 193. +7i ^ 

Amides, aliphatic, 62-, pg,. ; aromatlOi 
ip7ex, 248, 256'-,. ' 
stincti<A Bbm 66 




Amido-adds, set Amino-acids 
Amido-chloridw, 293 
Amidogen radical, 6a 
Amidol, 384 

Amines, aliphatic, 67, 279, 280 ; aromatic, 
326, 362, 461 ; alicylic, 5<ft, 522 ; com- 
plex, 278 „ 

Amines, distinction from amides, 66 
Amines, primary, secondary and tertiary, 
273-275 ; separation, 275 ^ 
Aminoacetalddiyde, 284 ; benzyUdene 
derivative, 525 

Aminoacetate, 284, 294, 523 . 

Aminoacetic acid, 283 ; synthesis, 282 
Aminoacetonitirile, 283, 284 
Amino-acids: aliphatic, 291 > 2981 aromatic, 
35a ; from proteins, 290, 291 
Aminoazobeozene, 515 j'Sulphonates, 515 
Aminobeteoic acids, 420, 352 
Aminocaproic adds, 287, 288 
Aminocresols, 419 
Aminoethanes, 125,279 
Aminobenzenes, 332, 386 
Aminocyclohexane, 371 
Amino-group: elimination, 337 ; protection, 
381 ; introduction, see Summary 
Aminoguanidine, 296 
Aminomethane, 278 
Aminophenols, 384, 386 
Aminoprc^ionic adttej 286, 287 
Aminbpyridine, 535 
Aminosuccinic acid, 288 
AminovalOTC adds, 288 
Ammonium bases, 277, 293; aromatic, 
324 ; stereoisomerism, 278 ; optical 
activity, 278 
Amy^alin, 222 

Amyl alcohols, 50, X14, lao, 121 

Amyl acetate, 51 

Amyl nitrite, 300 

Amyloid, 230 

Amylum, lai, 227 

Analysis, necessity of, 9 

•anai, 124 

•analic add, 125 

•aruunide, 125 

-one, 138 

Anhydrides (add), 39 ; aromatic, 427 , 
dibasic, 195 . , 

Anhydrides, conditums of formation, i9°» 
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Anilides, 325 , . 

Aniline, 322 ; relatiwi to'baizene, 320 , 
aliphatic amines, 339 
Aniline blue, 487 
Aniline dyes, 479 . 

Aniline, substitution products, 325 

Aniline yellow, 513 

Anima l alkaldds, 279 

Animal stircb, 228 

Anisic add, 409 

Aniail, 476 § 

Anidhc add, 476 
AB^In, 476 
Anisole, 329 
•anoic oetJ, 224 
-and, 124 
•oMoUd, 125 

V «5 


to 
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“anoHf, 124 

.oftonie acid, 12$ 

Anthracene, 503 ; constitution and syn- 
thesis, 504 ; substitution products, 503 
Anthranil, 353 
Anthranilic acid, 353 
Authranel, 504 
Anthraquinoline, 533 

Anthraquuioiie ,503 j substitution produces, 
506 - 

Antifebrio, 335 

Antimony abtyl compounds, 307 
Au/i-oximes, 477 
Antipodal compounds, 179 
Antipyrine, 554 . - ' 

Apocamphoric add, 458 
Arabic add, 229 

Arabinose, 342 ; relation to glucose, 243 

Arabitol, 343 

Arabonic add, 343 

Arachidic add, 97 

Argentocyanides, 259, 261 

Argentofulminates, 370 

Arginine, 397 

Argol, 208 

Aromatic adds, 353 

Aromatic alcohols, 361 

Aromatic aldehydes, 357 _ 

Aromatic amin es, mechanism of substitu- 
' tion, 326, 383 

Aromatic ^oup of compounds, 313; con- 
stitution, 369 

Aromatic hsJogen compounds, difference 
from aliphatic, 316 
AnWtic ketones ,350 4 

Aromatic substitution, 413 
Arsines and arsonium compounds, 307 
Aryl radicals, 331 » 

Asparagiae, 287 
Aspartic adds, 288 
Aspirin, 407 

Asymmetiical carbon atom, 179 
Asymmetrical compounds, i 79 > 277 * 3^9 
Asymmetrical crystals, 211 
Asymmetrical nitrogen atom, 278 
Asymmetrical sulphur atom, 31 1 ' 
Atropine, 536 ; synthesis, 536, 537 
Aurin, 484 
Auxoi^romes, 5^3 
Axial symmetry, 3 o 3 
Axelaic add, 171, 198 
Azobaizene, 510, 312 ; derivatives, 512- 
516 * 

Azo-oompounds, 518 ; colour of, 312 
Azo-dyes, 513 ; colour, 312, 513 ; deter- 
mination of constitution, 316 
Azolmide derivatives, 343 
Azoles, 55I 

AzonaphUiialeiie derivatives, 317 
Azoxybenzene, 51X . 

Balanced actuals, 41, 186, 224 . 
Balsams, 471 
Barley sugar, 218 
Bay oil^ 465 

Beckmann transfmmiation, 351 ■ 

Beer, 3, 223 
Beeswax, 56 
Benzal (^kiride, 356 
Deazal radical, 358 , 


Benzalacetic add, 441 
Benzalacetone, 357 

Benzaldehyde, 355 ; constitution, 356; 
synthesis, 355 

Benzaldehyde cyanhydrin, 364 
Benzaldehyde (malachite) neen, 488 
Benzaldehydes, substituted, 357, 546 
Benzaldoximes, 356 
Benzalnialonic add, 441 
Benzamide, 349 
Benzanilide, 349 

Benzene, ^314, 320 ; constitution, 366 ; 

synthesis, 314 
Benzene hexadiloride, 317 
Benzene, homoiogues of, 359, 415, 433, 
444 , 452 

Benzene, isomendes of, 368 
Benzene of crystallisation, 385 
Benzene ring, 367 

Benzene, substitution products, 320,387; 

isomerism, 392, 395 
Benzeneazoaniline, 314 
Benzeneazophenol, 516 
Benzencazoresorcinol, 516 
Benzenecarboxylic adds, 343, 427, 429 
Benzenediazonium perbromide, 341 
Benzenediazonium salts, 333 
Benzenesulphonamide, 320 
Benzenesulphonic acids, 319, 397 ; hydro 
lysis, 320 

Benzenesulphonic chloride, 319 
Benzenes, reduced, 370, 377 
Benzenoia compounds, 313 ; compared 
with aliphatic,.366 ; isomerism, 389 
Benzethylaraidc, 349 
Benzhydrol, 350 
Benzidine, 474, 5^2 
Benzidine transformation, 513 
Benzil, 475 ; oximes, stereoisomerism, 476 
Benzilic acid, 476 
Benziminoether, 349 

Benzoic acid, 345 5 constitution and 
synthesis, 343 

Benzoic acids, substituted, 352 
Benzoic anhydride, 347 
Benzoic esters and salts, 346 
Benzoic sulphinide (siilphiniide), 353 
Benzoin. 475 : 343 

Benzoline, 94 
Benzonitrile, 346 

Beuzophenone, 350 » oxime and trans- 
formation, 351 

Benzophenones, substituted, 484, 486, 489 
Benzopurpurin, 318 
Benzoquinones, 400, 401 
Benzotrichloride, 347 
■ Benzoyl chloride, 347 
Benzoyl peroxide, 348 
Benzoyl radical, 347 
Benzoylalanine, 286 

Benzoylation of alcohols, phenofa and 
amines, 348 

Beuzoylbenzoic add, 504 

Benzoylfonnic add, 351, 44S 

Benzoylglucose, 348 

Benzoylglycerol, 348 

Benzoylglydne, 330 

Benzoylmannitol, 348 

Benzoyltyrosine, 446 

Beoayl Alcohol, 362 ; esters and etiiers, 361 
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B«M^ ’diloride, 360 
Benzyl cy^de, 363 
Benzyl radical, 363 
Benzylamlne, 363 
Benzyl-tenzoic group, 345 
, Benzylioene chloride, 356 
B«izylidene radical, 356 
Benzylidene-acetone, 357, 441 
Benzylidene-anilioe, 356 
Beuzylidene^mphor, 454 
Benzylisoquluolines, 543 
Bergamot oil, 463 
Betaine, 294 
Betol, 408 

Bicyclic compounds, 454 
Biebrich scarlet, 518 
Bioses, 225 
Birotation, 219* 

Bisazo-compqunds, 517 

Bismardc hcowo, 515 

Bismuthines, 308 

Biuret, 248 ^ reaction, 289, 291 

Blue-black mks, 41 1 

Boiliog-poiot and constitution, 119 

Boiling-point, constancy of, 8 

Boiling-point, determination, Summary 

Bonds, atomic, 75 

Bone-oil or tar, 520, 521, 551 

Borneo camphOT, 459 

Borneols, 459 

Bomyl compounds, 459, 468, 470 
Bomylenes, 459, 460 
Branching-chain compounds, 96 
Brewing, 223 

Bridged-ring compounds, 457, 470,536 
Bromacetic acid, 143 
Bromanilines, 325 
Bromethanes, 130, 133, 137 
Bromethylfines, 133, 137 
Bromination, see Srunmary 
Bromine, detection and estimation, 20 
Bromobenzenes, 316, 392 ; constitution, 
392 

Bromobenzyl bromides, 416 
Bromoform, 86 
Bromomethanes, 87 
^romophenols, 330 
Bromosuccinic acids, 202, 203, 206 
Bromotoluenes, 416 
Brucine, 542 
Bntaldehydes, 105, 119 
Butanecarboxylic acids, 198, 432 
Butanes, 93, 95 
Butines, 138 . 

Butyl Eucohol, primary, 50, 117; isopri- 
m^, 1183 secondly, 117;, tertiary,' 
120 

Butyl alcoh(^', 122 j Isomerism, u8, 120 
Butyl chloral, 147 
Butylenes 13a ^ 

Butyramide, 72 

But^9 ad^, y), 118; synthesis, 7*2, 
119, t87, 193 

Butyric fermentation, 174 
Butyrins, 162 ~ ' 

-ButyrSactone, 194 
Bu^yrope, 113 

^^^iccfttpounds, 307 


aCadaverine, 279 
Caffeic acid, 533 

Caffeine,' 255 ; copstitutlon, synthesis, 255 
Caffetannic acid, 413 
Camphane, 460 
Camphane terpenes, 461 
Camphene, 459, 460 
Camphocean ring of terpenes, 456 
Camphoceane, 456 
Campholc acid, 459 
Campholidfij 455 
Camphopyric acid, 458, 461 
Camphor, 453 ; constitution, 455 ; syn- 
thesis, 45p, 458 ; from 'turpentine, 459 
Camphoramic acid, 457 
Camphoric acids, 455 ; synthesis, 458 
Camphoric anhydride, 455 
Camphoronic add, 456 
Camphoroxime, 454 
Camphorsulphonic acid, 454 
Canada bal^m, 471 

Cane sugar, 217 ; inversion, 220 ; consti- 
tution and synthesis, 336 
Cannel coal, 94 
Caoutchouc, 470 
Capraldehyde, 103 
Capric acid, 51, 97 
CaproaldehydB, 105 

Caproic adds, 51, 97; constitution, 77; 

derivatives, 287, 288 
Caprolactone, 196 
Caprylic add, 97 
Caramel, 318 
Caraway oil, 452, 464 
Carbamic add, 247 
Carbamide, 246 
Carbamidine, 295 
Carbamidine-acetic acids, 297 
Carbamine^ or carbylamines, 261 
Carbazole, 554 

Carbides, metallic, 83, 94, 135, 136 
Carbimides, 267 ' 

Carbinols, nr, 121, 122 
Carbohydrates, 225,231 ; synthesis, 240 
Carbolic acid, 338 

Carbon, detection and estimation, 9, 17, 
21, 61, 82 

Carbon tetrachloride, 86 
Carbonyl chloride, 246 
Carbimyl radical, no 
Carbostyril, 531 
Carboxyl radical, 77, 154 
Carbylamines, 361 
Carbyloximc, 269 
Carius’ halogen estimation, m 
Carriers of halogen, (41 

Carvaao 4 453 

Carvone, 464 

Casdn, 290 

Castor oil, ro5, 505 

Catalytic agents, 41, 141 

Catechol, 398 ; .carlwxylic adds, 410, 4 ^^ 

Catechu, 398; 410 ♦ 

Celluloid, 231 

Cellulose, 230, 549; hydrolysis, 230 
Cellulose esters, 230, 231 
Centric ferula of benzene, 368 ; of naph- 
thalene, SOI ; <4 quinoline, 524 
Ceryl cerotAte, 56 . 

Cetyl alcohol, 56, 97 ; palmitate, j6 
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Cetylainine, 27$ 

Chain isomerism, 96 
Chains, closed, 367 ^ 

Charts, synoptical, explanation of, 31 
Chemical individuality, Z 
Ciiloracetanilides, 326 
Chloracetic adds, i+i, 142, 147 
Chloracetones, 161 
Chloracetyl chloride, 150 
Chloral, 144; acetate, alcoholate, 144 
Chloral hydrate, 144 
Chlorals, 146 \ 

Chloramines, 285, 326 , 

Chloranil, 400 * 

Chlorethanes, 91, 124 
Chloranoic acids, 125 
Chlorhydrius, 131 161 
Chlorination, see Summary 
Chlorine, detection and estimation, 20 
Chlorobenzenes, 316, 336 
Chlorobutyric acids, 147 
Chlorocarbonic ester, 247 
Chloro-deriy^tives not indexed, Parent 
Compounds 
Chloroform, 85 
Chloroformaldehyde, 423 
Chlfltoformamide, 247 ; 

Chloroformic ester, 247 
Chloroformoxime, 269 
Chloromsthanes, 83, 87, 87 
Chloronaphthalenes, 494, 500 
Chloropropanes, 161 
Chioropropylenes, 147 
Cbloropurines, 253 
Chlorotoluenes, 4 l 5 
Chlorpicrin, 303 
Cholesterol, 162 
Choline, 293 
Chrotno^eas, 488, 513 
Chroniophores, 513 
Ctirysimine, 518 
Chrysene, 308; quinone, 508 
Chrysoidine, 515 
Chrysoit},’5i6 

Cinchomeronic add, 525, 529 

Cinchona alkaloids, 538 

Cinchonine, 538 ; constitution, 539 

Cinchonioic acid, 530, 539. 

Cinnamaldoxime, 525 

Cinnamic adds, 442 ; oonstiPition, 442 ; 

. synthesis, 441 

Cinnamic acids, substituted, '443, 524, 533 
Cinnamic al^hyde, 443 
Cinnamic cotdensation, 441 
Cinnamic group of compounds, 450 
Cinnamon oil, 442 
Cianamyl alcohol, 443 
Cts-compounds, 202 _ 

t-itral, 465 

Citfic acid, 214 ; constitution, 214 ; syn- 
thesis, 215 •• 

Clais^ condeasation, 188 

ClassificatHto, based on hydrocarbwis, 124 

Closed chains, 367 ; 371, 522, 550 

Clove oil, 410 

Coal-gas, 8x ; tar, 314 

Cocaine, 337; synthesis, 538 

Cocoa, 254 ■ 

Codeine, 545 ; constitution, 344 ' 
Coeruldn, 493 


* Co-ferments, 225 
Coffee, 254 
Collagen, 288 

Collidines, 527 ; synthesis, 537 
Collidine-carboxylic addsj 528 
Collodion, 231 
Colophony, 470 

Colour bases of dyes, 481, 482, 488 
Colour, conditions determining, 483, 488, 
^ 490, 513, 515 

Combustion, analysis by, 10, 60 
Compensation, optical, 179, 212 
Complex aliphatic compounds, 140 
Composition, calculation of, ii 
Compound ethers, 44 
Condensation, molecular, 103, 188, 441 
Condensed rings, 499 
Condensing agents, 188; see Summary 
Configuration, molecular 180 ; relation to 
fermentation, 225 
Congo red, gi8 
Conifer in, 411 
Coniferyl alcohol, 443 
Conine, 533 ; synthesis, 534 
Conjugate protdns, 288 
Const'ints, physical, 8, 33, 121 
Constitution, molecular, 79 
Constitutional formulae, 78 
Continuous ether process, 27 
Cordite, 230 
Cotamine, 546 
Cotton, 229 
Cotton dyes, 518 
Coumalinic acid, 528 
Coumarin, 443 * 

Coumarone, 552 

Coupling diazotised compounds, 514 
Cream of tartar, 208 
Creasote, 417 
Creatine, 297 
Creatinine, 298 
Cresol, 417 ; degradation, 426 
Cresotic acids, 409 
Cresylatcs, 417 
Croceins, 518 
Crotonald^yde, 103, 170 
Crotonic acids, 170, 185 ; halogen de- 
rivatives, 146 
Cryoscopic method, 14 
Crystal violet, 466 
Crystallisation, see Summary 
Crystallisation, alcohol of, 9, 16 ; brnzene 
of, 385 

Cumaric acid, 443 ; lactone, 4 }3 
Cumene, 433 

Cumic (cuminic) acid, 453 
Cuminal, 453 
Cuminic acid, 453 
Cuminil. 476 
Cuminilic acid, 476 


Cuminoin, 476 
Cyamelide, 267 
Cyanacetic acid, 191, 193, 215 
Cyanamide, 267 

Cyanates, alkyl, 266 ; metalfic, 266 
Cyanates, relation to cyanurate* and 
fulminates, 271 

Cyanhydrins or carbonyl-hydrocyaniq^ 
103 , 108, 36! ■ ^ 

Cyanhydrin syntheris, 176 
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Cyanic acid, 

Cyanide synthesis, 73 j mechanism, 262 
Cywiides, alkyl, 261 

Cyanides, metallic, 258 ; complex, 359 ; 

double, 359 ; synthesis, 258 
Cyanides, Tdation to nitril^, 263,264 
Cyanobenzoic acid, 428 
Cyanocampbor, 455 
Cyanogen, 157 ; compounds, 264, 271 
Cyanogen chloride, 267 
Cyanonapthdienes, 498 
Cyanopyridin^ 528 

Cyanuric add, 248, 268 ; chlorider268 * 
Cyclobutane derivatives, 376, 469 
Cycioheptoone, 537 
Cyclohexane, 370, 373 
Cycbbexane-carboxylic aclds,^ 433 
Cyciohexanes, alkyl^ 444, 457 
Cyclohexanes, substitutM, 371, 377, 404 
Cyclobexenones, 425 
Cyclo-olefines, 377, 463 
Cycloparaffins, 378 

Cycloparaffinoid compounds, 370 ; syn- 
thesis, 372, 375 

Cyclopentane, 373 ; methyl, 373, 456 
Cyclopropane, 373 ; derivatives, 373, 376 
Cymenes, 452, 461 ; dihydrocymene, 

Cymenesulphonic add, 453 
Cystdne, 287 
Cj’stine, 287 

Decane, 97 
Decyl alcohol, 97 ‘ 

Definite proportions, law of, 1 
Degradation, 115, 243, 426 
Dehydracetic add, 536 
Dehydrating agents, see Summary 
Dekahydropbenanthrenes, 471 
Dekahydrcquinoline, 524 
Delta (A) nomenclature, 430 
Desiccating agents, see Summary 
Desmotropic commands, 186 
Destructive distillation, 33 
Detection of elem«its, see these 
Developers, photographic, 384 
Dextrins, 229 

Dextrog^ate compounds, 177 
'Dextrose, 219 
Diacetonaraine, 529 ' 

Diacetylacetone, 398, 556 
‘diai, 13 $ 

Dial^laMtic adds, synthesis, 188 
Diallyl. .368 
Diamines, 256 
Diamines, 278, 387 
Diastase, 224 
Diazoacetic ester, 285 
Diazoaminobenzene, 335, 513 
Dlazobenzene-anilide, 335, 513 
Diazo-compounds, 333 
Diazo^ters, 285 
Diazoic adds, 336 
Dlazomethatie, 265 

Diazooium (oir diazo) compounds, 333; 

diaractai$ati(m, 338 
Diazooium intaractums, 336 
EHazotatek ^34 
DiazotUatioD, ^6 . 

Dibasic adds, ^8,, 427 


Dibeozyl, 474 
DichloraGetic add, . 14* 

-diene {diolefine), 138 
-dienone, 133 
Diethylamine, 276 
Dihydrobenzenes, 377, 378 
Dihydrcaresordnol, 398 
Dibydroterephthalic acids, 43O 
Dihydroxymaleic add, 209 
Dihydroxystearic add, 171 
Dihydroxytartaric acid, 209 
Diiaethy 4 92 
Dimethyla^ne, a'76 * 

Dimethylaniline, 324. 

Dimethylpyrone, 556 
Dimeth'ylsucdnic adds, 197 
Dinaphthyls, 495 
Dinitiobenzenes, 380 
Dinitromethane, 302 
Dinitrophenols, 386 
-diaic acid, X3$ 

‘dial, 13$ 

-dioJal, 13$ 

-dioldioic acid, 125 
-diolic acid, 125 

Diolefines, 138 * 

Dipentene, 463 

Diphenic acid, 507 

Diphenols, 397 

Dighenyl, 473 

Di^enylacetic acid, 476 ; aldehyde, 475 
Diphenylamine, 324, 554 ; fcmnyl, 532 
Diphenylethane, 474 
Diphenylmethane, 474 
Dipropaxgyl, 368 
Disacryl^ r68 
Distillation, see Summary 
Diterpenes, 470 
Ditolyl, 473 
Dodecane, 97 
Dodecyl alcohol, 97 
Dodekahydrophenanthrenes, 508 
Double functions, 158 
Double linkages, 101, 130 ; instability, 
13 1 r 3?4 ; shifting, 442 
Dryi^-dls, 172 
Dulcitol, 236 
Durene^438 
Dutch iiquid, 130 
Duty-free spirit, 6 
Dyes, 479, 480 
Dynamic equilibrium, 186 
Dynamite, 162 

Ecgonine, 538 * 

Egg-albumen, 289 
Eicosane, 97 
Eikon(^en, 498 

Elaldic add, 171 • 

Electrochemical influence of radicals, 43, 
66, 145, 154, 263, 382, 385, 395, 411 
Electroly^ 92, 194, 197, 202, 34a 
Elimination of amino-groups, 337 
Empirical formulae, 12 
Emulsin, 222 

Enantiomorphous crystals, 180, 2ir 
• mat , 125 
-Me, 1^8 
»Moi9>^actd, S2| 

•enol, 125 
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tnoHc add, 185 
•tnom, 125 

Enolic compounds, 185 
Enzymes, 222, 223 ; selective action of, 225, 
2^4 ; conditions of activity, 225 
Eo^s, 4gi 
Epidilort^drin, i6x 
Epinephrine, 410 
Equilibrium actions, 41, j86, 224 
Erythritic acid, 242 
Erytbritol, 242, 398 
Erythrodextrin, 229 
Erythrose, 242 
'Erythrosin, 492’ 

Esters, 42 ; internal, 195 
Esters not indexed ; see Respective acids 
Estimation of : carbon mid hydrogen, lo, 
17, 21,61,82; halogens, 20; nitrogen, 
60 ; phosphorus, 596 ; sulphur, 27 
Ethane, 91' 

Ethanes, substituted, 92, 140 
Ether, 27 ; esnstitution, 29 ; extraction 
with, see Summary 
Ether hydrochlorides, 557 
Ethereal salts, 44 
Etherification, see Summary 
Ethers, aliphatic, 27 ; mixed, gt ; internal, 
igt ; phenolic, 329 
Ethine, 135 

, Ethoxides, 16 ; hydrolysis, 18 “ 

Ethyl acetate, 42; preparation, 41, 43 ; 
constitution, 42 

Ethyl acetoacetate, 183 ; acid and ketonic 
decompositions, 188 ; constitution, r86 
Eliiyl acetoacetate, alkyl derivatives, 187 ; 

halogen derivative^, 215 
Ethyl alcohol, see Alcohol * 
Ethyrargentocyanide, 261 
Ethyl bromide, 19 ; relation to alcohol, 2t 
Ethyl carbonate, 88 
Ethyl chloride, 23 
Ethyl cyanacetate, 193 
E^yl cyanide, 72 

Ethjfl esters not indexed ; see Respective 
acids 

Ethyl ferrocyanide, 260 

Ethyl fluoride, 24 

Ethyl hydride, 91 

Ethyl hydroxide or alcohol, 29 

Ethyl io^de, 20, 21 ; relation to alcohol, 21 

Ethyl isocyanide, 261 

Ethyl ketones, 1 19 

Ethyl malonate, 192 ; alkyl derivatives, 
192 

Ethyl nitrate, 299 
Ethyl nitrite, 300 
Ethyl orthoacetate, 92 
Ethyl orlhobenzoate, 347 
Ethyl orthocarbonate, SS 
Ethyl ortboformate, 87 
Ethyl oxide cs: ether, 2S 
Ethyl radical, 29 
Ethyl sulphates, 26 
Ethyl sulphides, 309, 310 
Ethyl sulphites, 311 
Ethylal, 104 

E^ylamine, 64, 274 ; relation to alcohol 
and ammonia, 65 . 

Ethylbenz^e, 444 ; sulphomc acid, 4x6 
Ethylene, lid » » 


Ethylene bromide, 129 
Ethylene carboxylic acids, 169, 203 
Ethylene chlorhydiin, igi 
Ethylene chloride, 130, igr 
Ethylene cyanide, 194 
Ethylene derivatives, instaStHty, 131, 
374 ; characterisation, 129; stereoiso- 
merism, 202 

Ethylene diamines, 279, 532 
Ethylene glycol, 15 r 1, 

Ethylene linkage, 131 
Ethyleije oxide, 151 ’ 

Ethylene-lactic add, 177 

Ethylenes, substituted, 133,137, 142,202 

Ethylidene, 132 

Ethylidene chloride, loi 

Eucaines, 529 

Eucalyptus oil, 452 

Engenols, 410, 44,3 

Eutectic mixtures, 33 

Explosives, analysis of, 162 

External compensation, 179, zi2 

Extraction witli solvent, see Surninary 

Fats, 53 

Fatty acids, 53, 97 

Fatty or aliphatic compounds, 56 

Fehling’s solution, 209 

Fenchenc, 4C0; constitution, 461 

Fenchone, 460 

Fenchyl compounds, 460 

Fennel oil, 460 

Fermentation, *222 ; selective, atr, 225, 

23+ 

Ferricyanides, 261 
Ferrocyanides, 260 
Ferrofulmiuatcs, 269- 
FibnuLL, 291 
Filtration, see Summary 
Fire-damp, 81 
Fittig's syjithesiSj 359 
Flash-point, 94 
Flax, 229 
Fluorene, 474 
Fluoresceins, 491 

Fluoro-siibstitution products, 87, 316 
Formaldehyde, 104; relation to methane, 
89 ; synfcesis, 89, 103 
Formaldehyde cyaiihydrin, 149, 282 
Formaldoximc, 104 
Formalin, 104 
Formamide, 69 
Formates, metallic, 48 
Formic acid, 47 ; constitution, 87, 89 1 
Synthesis, 49, 70 
Formiminoether, 296 
Forniins, 162 
Formodiphenylaraide, ggi 
Formonitrile, 70; relation to cyanides, 
263 ; synthesis, 137, 258 
Formulas ; constitutional, 78 ; empirical, 
12 ; general, 57-; molecular, 14 ; pro* 
jection, 181, 212 ; rational, 18 ; solid 
or stereometric, 179, 202 ; structural, 78 
Foiinyl radical, 48, 10 1 
Four-carbon derivatives, 183 
Fractional crystallisation and distillation, 
see Summaiy 

Fractional predpitation, 34 
Fractionating cohiosns, ,6 
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Free vakncies, 130, 262 
Preering-point, constancy of, 33 
Freezing-pcdnt, molecular weight by, 14. 
Friedel-Cmft ^thesis, 360 
Fructose (fruit-su^t), 220 ; constitutiOT, 
235, 549 ; syn&esis, 240 
Fructose cj^rnhydrin, 235 
Fuchsine, 479 
Fulminic acid, 269 
Fumaric acid, 201, 213 
Fumaioid compd^ds, 203 
Furfural, 549 ; omsUtution, 550 
Furfuraue, 550 ; aerivatives, 549, 550 
Furfuryl alc^ol, 549 
Fusel oil, 49, 50, 1 12 

Galactonic acid, 236 

Galactose, 221, 229 ; constitution, 236 

Galactose glucoside, 236 

Gall^, ^02 

Gallic acid, 41 1 

Gallotanoic acid, 412 

Garden-cress oil, 433 

Garlic oil, 167 

Gas analysis, 82 

Gelatine, 291 

General formulae, 57 

Geneva nomenclature, 124 

Gerauial, 463 

Geranic add, 465 

Geraniene, 463 

Geraniol, 465 

Geranium oil, 51, 463 

Gliadin, 552 > 553 

Globulins, 288 ^ 

Glucolactone, 233 

Gluc<mic add, 233 ; degradation, 243 
Glucmiic aldehyde, 234 ; aldehydrol, 233 
Gluconic phenylhydrazide, 233 
Gluoonitrilc, 243 
Glucosazone, 238 ; test, 219 
Glucose, 219; constitution, 233, 234; 
syntbeds, 240 

Glucose, mutarotation of, 234 ; resolution 
into isomerides, 234 
Glucosecarboxylic acid, 234 
Glucose-glucoside, 236 
Glaoosides, 222, 236, 550; constitution, 
*34 

Ghioosone, 238 
Glucosoxime, 243 
Glucovanillin, 41 x 
Glue, 282 
Glutamid addi 288 

Glutaric add, 198 ; alkyl derivatives, 398, 
♦57r458 

Gluten, 227 » 

Glyceralddiyde,"‘t63 
Glycer^ add, 163 ; active, 180 
Glycerides, 162 
Glycerioe, x6o 

Glycexd, ido ; constitution and syntheds, 
161 ; oxidation products, 164 
Glyceroluiiiesoxalia soles, x6o 
Gfycec^pbosphoric acid, 293 
Glyceroae, 163, 241 
Glycida alcoboi, 161 

^lydne, 283, 294 ; ccmstitio^lon, 283, 374 i 
2yntb^ 2S2 

axmy^de, 284 

■- 


Glydne ester, 284 
GlycocoU, 283 
Glycocyamidine, 297 
Glycocyamine, 297 
Glyw^en, 228 

Glycol, 150; acetate, 130 ; cblorhydria 

151 

Glycollic acid, 149 
GlycoUic aldehyde, 152, 241 
Glycollic chloride, 15% ^ 

Glycol-oxalic series, 149 
Glycols, 150, 176 
Giycosine, see Glydne 
Glycylalanine, 291 

Gl)«;ylglyckie, 284, 290 ; derivatives, 29f 
Glyoxal, 153 

Glyoxalic (glyoxylic) acid, 152 ' 
Glyoxaline-amMSpropionic acid, 353 
Glyoxalines, 555, 533 
Glyoxylic acid 152, 165 
Glyoxylic ureide, 252 
Granulose, 228 
Grape si^ar, 219 
Graphic formulae, 78 
Green oil of coal tar, 503 
Grignard's reaction, see Summary (Mag- 
nesium alkyl syndesis) 

Guaiacol, 399, *410 

Guanidine or carbamidine, 295 

Guauidine-acetic add, 297 

Guanidine-diazoniura compounds, 344 

Guanidines, substituted, 296 

Guanine, 254 

Gulooic add, 242 

Gums, natural, 229 

Gun-cotton, 230 


Halogen carfiers, 141 

Halogss, detection and estimation, 20; 

su^tution, sf^Spamary 
Helianthin (metiiyl orange), 515 
Helidn, 222, 407 
Heliotrope, 4x1 
Hemihe^, 180, 212 
Hemimellithene, 438 _ . 

Hemiterpenes, 470 
Hemlock, 533 
Heptadecane, 93, 97 
Heptadecyl cyanide, 72 
Heptanes, 92 
Heptenoaes, 133, 464 
lieptoses, 243 
Heptyl alcohol^ 97, 121 
Heptylic adds, 97, 234, 235 
Hera^um oil, 31 
Heroine, 545 

Heteronucl^ compounds, 320, 523, 54^ 
Heiadecane, ^3, 97 ; cemstitution, 96 
Hexadecylamiue, 275 
Heia^n formula of benzene, 367 
Hexahydrobenzene, 570 
Hexahydrobenzoic add, 376 ; keto-, 466 
Hexahydrocymene, 467 
Hexahy&ophenol^ 372 
Hexahydrophtiiahc acids, 433 
Hexahydropyridine, 322 
Hexahydroterephthalic adds, 432 
Ilexahy^otolmc acids, 3^ 424; hy^sy-, 

Hexamcthylene, 37a; carboxylic acid, 376 
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Hexaraethvko® tettamme, 104 
Hexanes, 92 . batogetv*aerivatwes, 3)2 ; 

hydEOxy-QerivaUves,93, 97, 232 
Heiaphenol, 403 
Hexooe bas^, 555 
Hexoses, 220 

Hexyl alcohols, 97, 121 ; iodide, 232 
Hexylamine^ 275 
Hippuric aad, 350 
Histidine, 555 
Homatropine, 536 
Homocamphoific acn, 455 
Homologous series, 57 
Homology, cause of, 78 
Homophthalimide, 525 
Honey, 218 
Honey-stone, 439 
Hydantoin, 298 
Hydracrylic acid, 177 ^ 

Hydration, 17 
Hydr azides (phenyl) , 23 3 
Hydrazine, 296 
Hydrazobenzene, gi2 
Hydrazones (phenyl), 339 
Hj'droaromatic terpenes, 467 
Hydrobenzamide, 356 
Hydrobcnzopis, 475 

Hydrocarbons, 97, 133, 138, 313 ; aa 
basis of classihcatioii, 1:^4, 126 
Hydrocarbostyril, 524 
Hydrodnnamic acid, 445 ; amino-, 524 ; 
carboxy-, 498 

Hydrocotarnine, 546 ' 

Hydrocyanic acid, 70 ; relation to 
cyanides, 263 

Hydrogen, detection and estimation, 9, 17, 
21, 61, 82 

Hydroly^, definition of, 17 
Hydrolytic agents, see Suiiuiiary 
Hydroquinone, 399 
Hydroxides, organic, 30 
Hydroxyacetic acid, 149 
Hydroxyacids, 149 ; lactones and un* 
saturated acids from, 196 
Hydroxyacrylic acids, 253, 528 
Hydroxyamines, 293 
Hydroxyazobenzenes, 516 
Hydroxybeozenes, 329, 404 
Hydroxybenzoic acids, 413 
Hydroxybutyric acids, 185, 189, 195 
Hydroxycyclohexanes,,372, 404 
Hydroxyethanes, 157 
Hydroxyghitaric adds, 242 
Hydroxyhexanes, 97, 232 
Hydroxyl, detection of, 38 ; differentia- 
tion, 44, 101 

Hydroxylamines, substituted, 342, 418 
Hydroxymethanes, 89, 90 
HydroxypMaflSns, 93, 97, 124 
Hydroxypiperidines, 529, 530 
Hydroxypropanes, 164 
l^droxypropfonic adds, 163, iSi 
Hydtoxypyndines, J30 
Hydroxyquinol, 402 
TSydroxyquinoliiies, 331 ^ 

Hydioxysucdnic aci^ 206, 208 
Hyoscyamiae, 536 

I.dobic add, 242 
Utundiiating oUjp 94 


Iminoazole, 555 

Immocarboiutes, 296 
Iminochloiides, 262, 295 
Iminoethers, 294, 349 
Impurities, testing for, 8 
Inactive compounds, 178 
ludiarubber, 470 
Indican, 447 ; of urine, 449 
Indigo, 447 
Indigo blue, 447 
Indigo carmine, 448 
Indigo white, 447 
Indigo-purpuriD, 449' 
ludigo-sulphonic acid, 447 
Indigo tin, 447 
Individuality, chemical, 8 
Indo^nides, 449 
Indole, 553 
Indole-acetic add, 353 
Icdole-aminopropionic add, 553 
Indole-carboxylic acids, 553 
Indophenin, 348 
Indoxyl, 448, 449, 553 
Indoxylic add, 449 
Indulmes, 514 
•ine, 138 
Inks, 4tr, 412 
Inositols, 404 

Internal compensation, 212 
Internal esters, 175, 195 ; ethers, 131 
International nomenclature, 124 
Inulin, 228 

Inverse substitution, 84 
Inversion, optical, 213 
Invert sugar, 220 
Invertase, 224 
lodacetic acid, 143 
lodai, 145 

Iodine, detection and estimation, 20 

Iodine green, 486 

lodobenzenes, 316, 336, 342 

Iodoform, 86 

lodole, 351 

lodoinetiianes, 87 ' 

lodonium compounds, 343 

lodopropionic acid, 169 

lodgsobenzene, 342 

lodoxybenzene, 343 

Isatic acid, 448 

Isatin, 448 ; alkyl derivatives, 449 
Isethionic acid, 312 
, Isoamides, 296 
Isobomeol, 459 
Isobomyl compounds, 460 
Isobomylene, 459 
Isobutaldehyde, 119 
Isobutane, gg 
Isobutyl alcohol, ri8 
Isobut^ic add, 118; synthesis, 119 
Isobutyronitrile, 119 
Isocamphoronic add," 461 
Isocyanides, 261, 331 
Isocyanates, 267 
Iso^aluric acid, 252 

Isodynamic, compounds, 186 

IsMneric change, 186, 262, 324, 326. 44^496 
IsAmerisiTij g8; chain, 96; isodynamic, 
186 ; labilfr^table, 203, 301 ; meta- 
meri^, 58; polymerism, 102 ; positioi 
tS3, 5^ ; tteemsomerlsm, xSo 
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Isoniootimc add, 5^9 
Isonitro-oompoun^, 301, 302 
Isonitroso-compouQds, 303, 454 
Isoparaffins, 94 
Is(^htha]ic acid, 429 
Isoprene, 470 

Isopropyl ^cohol, in; ether, 112 
Isopropyl iodide, 112 
Isopropyl radical, 112 
Isopropylbenzene, 453 
Isoquinoline, 523 ; ^rivatives, 545 
Isosuccinic acid, 196 
Isotbiocyanates, 271, 331 
Isovaleric add, 122 

Jabwandi, 535 
Jaanine oil, 353 

Kairine, 531 
Keratin, 288 

Kerosene or iUumlnating oil, 94 
Keto-compounds, 113, 124 
Ketohexametliylenes, 372, 404; car- 
boxylic acids, 402, 403, 409 
Ketones, aliphatic, 113, 115; aromatic, 
330; mixE^, 113; oxidation, 114 
Ketones and secondary alcohols, 114 
Ketones, cyclic, formation of, 456 
Ketones, nomendature, 113, 124 
Ketonic acids, 176 
Ketonic and enolic compounds, 1S5 
Ketonic carbonyl radical, no 
Ketonic decomposition of acetoacetates, 
188 

KetosM, 238 

Ketoximes, 114 ; transformation of, 351 
Kjeldahri nitrogen estimation, 60 

Labile and stable modifications, 203, 263, 
301, 383, 449 
Laboratory work, 559 
Lacs, 471 

Lactames, 3^5, 5S4 

Lactic adds, 174, 181 ; constitution, 175, 
177, 179; synthesis, 176; ethers and 
esters, 175 

Lactic fermentations, 174, 178 
Lactide, 175 
Lactimes, 448 
Lactimid^, 446, 542 
Lactobionic add, 236 
Lactones, 195, 233 ; conditions of forma- 
tion, 374, 442 

Lactose, 220 ; constitution, 236 
Ldctosazoue, 220 
Laevogyrate compounds, 178 
Lakes, 505' 

Lanolm, 162 
Lauraidehy^ 105 
Laurie 115 
Lav^der ou, 444, 463, 464 
Lead alkyl compounds, 309 
Lecithin, 293 
Lemon>^ass oil, 463 
Lemon oil, 463 
Lemonol, 465 . 

Lennon^ or sorrel,- salt of, 155 

287 

LesdCHbaM 481* 482 


Levulinlc add, 195, 465 
Leviilose, 220 ; constitufion, 235 syn- 
thesis, 240 

Liebermann’s reaction, 330 
Light oil of coal-tar, 314 
Limonenes, 463 ; constitution and syn» 
thesis, 463 
Linalodl, 464 

Linkages, atomic, loi, 130; symbolic, 
nature, 136 

Linoleic acid, 172 . 

Linseed oil, 172 
Lubricating oil, 94 
Lutidines, 527 
Lutidones, 557 
Lyddite, 385 
Lysidine, 555 
Lysine, 288 

Madder, 505 
Magenta 479 

Magnesium alkyl synthesis, see Summary 

Magnesium diethyl, 309 

Magnesium methiodide, 83 

Magnesium phenyl halides, 316, 346 

Malachite green, 488 

Malamic acid, 207 

Malamide, 207 

Maleic acid, 2or, 213 

Maleic anhydride, 201 

Maleoid compounds, 203 

Malic acids, 20G, 534 

Malonamide, 192 

Malonic acid, 19 1 ; alkyl derivatives, 193' j 
cycloid derivatives, 375, 376 
Malonic synthesis, 192 ; see Summary 
Mabnyl ureides, 256 
Malt, 223 
Maltase, 224 
Maltodextriii, 229 

Maltose, 221 ; constitution, 236 ; syn- 
thesis, 224 
Maltosazone, 221 
Manchester brown, 515 
Mandelic add, 364 ; resolution of, 364 
Manna, 23s 

Mannitol, 235 ; syntheds, 240 
Mannoheptitol, 243 
Mannolactones, 239 

Mamonic acid, 239 ; synthesis, 241 ; rela- 
tion to gluconic acid, 239 
Mannosacdiaric acid, 239 
Mannosazone, 239 

Mannose, 220, 239 ; relation to glucose and 
fructose, 239 

Mannose-phenylhyhiazone, 239 
Margaric add, 97, 115 
Marsh gas, 81 
Martius’ yellow, 498 
Mauve, 479 
Maximite, 230 
Meconic add, 343, *337 
Meconin, 546 
Mellithene, 439 
Mellitic 439 < 

Melting-point, see Summary 
Melting-point, constancy of, 33 
Menthmie, 467 
Menthane terpeues, 471 
Mdithol, ^67 
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HealQi]^ compounds, 467 
Merraptals, 310 
Mercaptan^ 309, 331 
MercaptidM, 310 
Mercaptqls, 310 

Hoxury a&yl and aryl compounds, 309, 

331 

Mesidlne, 435 
Mesitol, 435 

Mesityl oxide, 109, 133 
Mesitylene, 43 j ; constitution, 436, 437 
Mesitylenic acid, 436 
Mesotartaric add, azi, 213 
Mesoxalic acid, 16$ 

Hesoxalic ureide, 251 
Meta-derivatives o£ benzene, orientation, 
392, 420, 426, 436 
Metaformaldehyde, 104 
Metahemipinic acid, 546 
Metaldehyde, 102 
Metallic alkyl compounds, 308 
Metallic salts, see Respective Acids 
Metamerism, 58 ; cause of, 78 
Metaterpenes, 467 
Methane, 81 ; synthesis, 82 
Methanes, substituted, 90 
Methoxides, 46 

Medioxyl, detection and estimation, 540 
Methyl acetate, 46 

Methyl alcohol, 45,46; constitution, 46, 
87; synthesis 70; oxidation products, 
89 

Me&yl bromide, 46 

Methyl chloride, 46, 83 

Methyl cyanide, 71 

Methyl esters unspecified, su Acids 

Methyl ethers, 46,51; hy^ochloride, 557 

Methyl gjcen, 487 

Methyl hydride, 83 

Methyl iodide, 46 

Methyl ketones, 113, 115, 187; oxidation, 

441 

Methyl nitrate, 299 
Methyl nitrite, 300 
Methyl orange, 515 
Methyl oxalate, 156 
Methyl radical, 46 
Methyl sulphates, 46 
Methyl violet, 487 
Methylal, 104 
Methylannnes, 274, 276 
Methylanilines, 324 
Methylated ether, 51 
Mefiiylated spirit, 6 
Methylbenzenes, 339, 415, 435 
Methylbenzoic acids, 423, 436, 439 
Methylbutylacetic add, 235 
Methylene, 131 
Methylene blue, 488 
Methylane dhlcaide 85 ; iodide, 131 
Sfcthylglucosides, 222 ; oonstitutioii,234; 
fermentatiem, 225 

Methylglutaric ados, 398, 437, 438 
Methylglyoines, 284, 294 
Methylheptenone, 464 
Hethylhydrazine, 286 
Methylindoles, ^53 
Methylnaphthalenes, 495 
Melhylpiperidmes, 329, 330 ' 
.pethylpyridmes, 527 


Metoylsuccinic adds, 197 

Methyluradl, 252 

Methyluric acids, 250, 231,256 

Methvlzamthines, 256 

Metol, 384 

Michler's keteme, 486 

Middle oil of co^-tar, 328, 404 

Milk sugar, 220 

Millon’s reagent, 289 

Mirror images, 180 

Mixed amines, 276 

Mixed anhydrides, 51 

Mixed ethers, 31 

Mixed ketones, 113, 187 

Mixtures, balanced, r86 

Mixtures of constant boiling-point, 8 

Mixtures of constant freezing-point, 33 

Molasses, 217 

Molecular condensation, 103, 188 
Molecular formulae, 14 
Molecular rotation, 178 
Molecular constitution or structure, 73 
Molecular structure, 75, 179 
Molecular weight, 12 ; determination 
from, additive compounds, 130 ; boiling- 
point, 564 ; freezing-point, 14 ; gas 
analysis, 82 ; platinum salts, 66 ; silver 
salts, 34 ; vapour density, 12 
Monoses, 225 
Mordants, 480, 505 
Morphine, 543 ; constitution, 344 
Mucic acid, 236 
Multiple proportions, i 
Multiple-ring compounds, 473, 477, 484, 
501, 508 ^ 

Murexide, 251 
Muscarine, 294 
Mustard oils, 271, 33J 
Mutarotation, 219 
Myrcene, 465 
Myricyl palimtatc, 56 
Myristaldehyde, 105 , 

Myristic add, 97 
Myronic add, 222, 27X 
Myrosin, 222, 271 

Naphthalene, 494 ; constitution, 498, 301; 
synthesis, 499, 500 

Naphthalene alkyl derivatives, 473, 498 
500 ; aryl derivatives, 508 
Naph^alene azo-compounds, 517 
Naphthalene-sulphonic acids, 496; sul- 
phochlorides, sulphonamides, 496 
Naphtbalic acid, 498 
Naphthamides, 498 

Naphthaquiuones {naphthoquinones), 301 
Naphthenes, 370 
Naphthionic acid, 498 
Naphthoic adds, 498 ; aryl, 508 
Naphthol yellow, 498 
Naphthols, 497, 501, 509 
Naphthols, r^uc^, 498, 501 
Naphthol-sulphonic acids, 497,498 
N^phthoquinolines, 531 
Naphthoquinones, 501 
Naphthyl ethers, 497 
Naphthylamines, 497 
Naphthylamines, reduced, 498, 300^^^ 
Naphthylamine-sulphonic aews, 4^ 
Naphtbybaphthaknes (draaphthyls), 493 
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Narootme, 545 
Natural gas, 8x 
Neurine, 294 
Nicotmamid^ 5 $S 

Nicotine, 534 ; constitution, 534 ; syn- 
thesis, 535 

Nicotinic add, 538 ; nitrile, 32S 

Nicotyrine, 535 

NitraMtanilides, 382 

Nitracetic acid, 303 

Nitramines, 336, 435 

Nitranilme^ 381, 382 

Nitrates, alkyl, 299 

NitzatiiMi, Summary 

Nitriles, 63, 71, 72 ; aromatic, 346 

Nitrites, alkvl, 299 

Nitrohenzala^ydes, 357 

Nitrobenzenes, 318, 380, 381 

Nitrobenzoic adds, 352 

Nitrocelluloses, 230 

Nitrochlorotienzeaies, 383, 386 

Nitrochlwfofonn, 303 

Nitrodnnamic acids, 443 

Nitio-con^HJunds, 300 ; aromatic, 318,380 

Nitrocr^ls, 418 

Nitrocyclobexane, 371 

Nitroethanes, 301 

Nitrofonns, 302 .10 

Nitrogen compounds, asymmetncal, 27° 
Nitn^^, detection and etiolation, 60, 65 
Nitrogen esters, 268, 449 
Nitro^-halogra com^unds, 193^ 326 
Nitroglycerine, 162 
Nitroguanidine, 296 
Nitrohesanes, 301 
Nitroic adds, 302, 383, 385 
Nitroles, 304 
Nitrtdic -aods, 303 
Nitcomesitylenes, 435 , 437 
mtEometiumes, 301 ; aromatic, 36* < j. 
NitrwiapWhidenes, 495,496 
NitioparilffiQS, 300 » 3 °^ 

Nitn^dienots, 383, 385, 386; consU^ 

NitroFiim^{ff<^iolic add, 446 
Nitr^radical, 301, 318 ^ 

Nitrosainines, 276;': 334 
Nitrosobenzoie, 341 ^ 

Nitrosochloridi^ 377, 467 n, 

Nitroio-compo&ds,' 276, 304, 541 J wloui 


of. 436 
598 

NitrosodimetJiylaniline, 
Nitrosomesitykne, 435 
Nitroaoph^ol, 387 
Nitrosotolum^ 418 
Nitrotohienes, 362, 418 
Nitrotoluidincs, 418, 421 
.Nltro-xylenes, 426 
^(Hnenclature, Intttiiati<Mial, 124 
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Nonadecane, 97 
Nonad^ic aod^ 97 
Nonane, 97 
Nonosea, 243 
Nonyl alcdiol, 97 

V rtrmal compounds, 96 j constitution, 96^ 

115 

Nitcb^ add, 288 

Nudr^ and dde-qiam, 36U* 

lll^ vomka, 343 


Octane, 96, 97; constitution, 98 
Octodecane 93,. g? 

Octoses, 243 

Octyl alcohols, 51, 97, rai 
Oenantiial, 105 
Oenanthylic acid, 97 
Oils, fatty, 53 
-ol, 124 
•olal, 125 

Olefiant gas, 128, 130 
Olefines, 133, 138 
Olefines, substituted, 133 
Oleflnic compounds, cause of instability, 374 
Olefinic compounds, characterisation of, 
129 ; oxidation, 129, 170 
Olefinic compounds, cycloid, 377 
Olefinic terpenes, 464 
Oldc add, 170 
Olein, 53, 170 
-oHc acidf 125 
•colons, 125 
-ow, 124 
-onic acid, 125 
Open-chain compounds, 369 
Opium. 543 , 545 
Optical activity, 177 
Optical antipodes, 179 
Optical inactivity of synthetic com- 
pounds, 18 1 ; of symmetrical com- 
pounds, 181, 537 

Optically active compounds, resolution, 
178, zii, 225, 278, 236 , 364 
Orange blossom, oil pf, 353 
Orange II, 517 
Orcinol, 398 

Organic and inorganic compounds, i 
Organic compounds and lile, i, 248 
Organo-metalUc compounds, 308 
Orientation of benzene derivatives, 391 
Ornithine, 288 
Ortho-acids, 87, 88 , 92, 347 
Ortho-derivatives of benzene, constitu- 
tion, 392^499 
Orthoform, 409 
Ortho quincmes, 401, 501] 

Ofthoterpeoes, 467 
Osazones, 238 
Osmotic pressure, 15 
Oxalacetic acid, 189, 20> 

',OxaIates, mctafiiCi 155 
Cialic add, 153, i54 i constitution, 154 J 
' - synthesis, 155 
Oialonitrile, 157 
Oxaluric acid, 252 
Oxalyl chloride, 154 
Mpxalyl urea, 252 
Ox^ic achls, 156, 275 
oSj^des, 156, 275 
Oxwfcing agents, see Summary 
Oximes, ,103, log, 3P3, 356 ; stereoiso- 
merism, 476 ; transfornmtion, 350 
Oxonium compounds, 556 
- Oxygen, addifying influence of, 66, 154 
Oxygen esters, 268 

Oxygen, singly and doubly Koked, loi 
Oxygluoose, 238 
Oxy-mtp3g^ compounds, 304 
Oxypurines, 254 

PalmltaWehyd^, 105 
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Pa^tainl& ' 72 

Paiaitic add, 55, 97, Z13 ; aobydride, 55 ; 

QODStitution, 77 
Palmitic chloral, 147 
PalmitiQ, 5^ 

Pa!iuit<xutnle, 7a 
Papaveraldioe, 545 

Papaverine, 545 ; constitutirai, 545, 547 
Paper, 339 
Parabanie acid, 2^2 

Pafa'derivatives oi benzene, constitution 
39* 

Paraftn oil and wax, 94 

Paraffins, 93, 97; constitution, 93,94,1 15; 

synthesis, 94 
Paraffins, substituted, 93 
Paraldehyd[e, loa 
Paraleucaniline, 481 
Paraquinones, 400, 501 
Pararosaniline, 479 
Pardiment, vegetable, 330 
Pelargonic acid, 51, 97, 171 
Pentacetylcellulose, 230 
Peotacetylglucose, 33a 
Pentadecane, 97 
Pentadecoic acid, 97 
Pentadecyl alcohol, 97 ; cyanide, 72 
Pentamethylene diamine, 279, 268 
Pentamethylene dibromide, 376 ; di* 
chloride, 372 

Pen^ane-carooxylic adds, 467 
Pentanes, 92, 95, 96 ; constitution, 94-9^ 
Pentenones, 133 
Pentosp, 242, 549 
Pentosides, 550 
Pepper, 522 
Peppennint oil, 467 
Pepsin, 289 
Peptones, 289 
Perbenzoic add, 348 
’ Per^tage cmnposition, ir 
Peri'position of naphthalene impounds, 

PeZ synthesis, 441 
Perosidra, twganic, 348- 
Persdtol, 243 
Peru, baWm of, 3^2 
Petrol, 94 

^troleum, 92, 93 ; ether, 94 ; gases, 81 
Phenacetin, 384 
Phenanthramines,. 544 
Phenaitthraquinone, 507 
Phenanferene, 507; constitution, 507 
Phenanffiarene alkyl derivatives, 471, 507 
Phenanthridine, 532 ^ 

Phenanthtols, 544 

Ph^etole, 329 ; aniiiio*derivatives, 3% 
Wenolj 328 ; relation to benzene, 3^ 
Kienohc acids, 413- 
^en^c alaffioht, 407 
^raiohc a]d«hyd^ 407, 410 
^enolfc esters and ethws, 329 
Phentffic hirdroxyl, 320 
409 
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^eooh, 3^ 397, 43t, 453 
denote, reduced, 37*. 3^ 
^enyl acetate, ^ 

™njd .cy«idd«i 346 

P^yJ ethers. 3*9 
Pbeayl ktdoeU^lB, 


Phenyl isocyanide, 331 
Phenyl mercaptan 331 
Phenyl mustard oU, 331 
Phenyl radical, 331 
Phenylacetic add, 363 
genylawtyienes, 445, 44? 
Fhenylalanme, 445 
Phenyhunines, 324 
Flienylazobnide, 343 
Phenylcarbylamine OT isocyaaide, 33* 
Pbenylene diamines, 387 
Ph«iyIethaneS444, 474 
Phenylethylenes, 444, 477 
Phenylglucosaaone. 238 
Phenylglyceric ado, 442 
.Phenylglydne, 350; hydroxy, 384 
Phenylglydne-carboxylic add, 448 
PhenylglyoxyMc add, 351 
Phenyffiydrazides, 233 
Phenylhydrazine, 338 ; alkyl derivative, 
335, 339 

Phejiylhydrazones, 339 
Phenylhydroxylamine, 342 
Phenylisocrotonic add, 442, 499 
Phenylnaphthalenes, 493, 308 
Phenylnitiramiues, 336 
Phenylnitromethane, 362 
Phenylnitrosamines, 334 
Phenylpropiolic add, 446 ; substituted 
446 , , 

Phenyl^opionic adds, 443 
Phloretic add, 22a 
Phloridzin, 222 

Phlotoglucino], 401*; synthesis, 402 
Phloroglucinol-carboxylic acid, 412 
Phlorogludtol, 401 
Phorone, 109, 133 
Phos^ae, 246 

PitiH^Maes and pbospbonium compounds, 
.■=^p(r 

Plm^jorus detection and estimation, 396 
^tcttaphic devdopdrs, 384 
UlthaJaklehyde, 428^ 

ll^^^adds, 2471, 429; constitution, 
i 427 j^^uced, 430^ 

^^Ude^iter dimethoxv^thalide, 343 ; 

^benv|mthalide, 490 ^ 
PhthaOn^i^ ^ 

PhthaloiffiMpe, 489 
PhffialoylM&e, 282 
Pbthalyl a^^ol, 428 
Phthaiyl chloride, 428 
Picean ring of .twpenes, 469 
Piceoe, 508 f' quinone, 308 
Piceoic add, 508 
Picolines, 527 
Picolinic acid, 528 
Picramide, 386 

Picrates, 385 ; of hydrocarbons, 495, 503 

Picric add, 385 

Picryl chlradde, 385 

Pilocarpldine, 535 

Pilocaiiane, 535 

Pimelic add, 198, 372 

Pinacotin, iii 

Pinacone, zxi 

Pinaegoe oondenaatloD, 475 
Pinene glyod; 4^ 
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nneoM, 453, 471 ; ctmstitution, 468 

Pioe-aplmter tats jjt 

Pioic acid, 469 

^ol, 469 

Flnol 469 

Piaol Bjwate, 47a 

Pinonic acid, 4^ 

Pilterasine, 533 
Pipedc aad, 533 
Piperidme, 533 

Piperidine-carboxylic acWs, 529, 53O 

Piperidines, alkyl, 539, 530, 533 

Piperine, 523 

Pipefooal, 41 1 

Piperonyl radical, 523 

Plane synnnfttry, 203 

Plant cells, 339 

Platinidhiorides, <J6 

Polymerism, 103 

Polypeptides, 384, sgo 

Poly^enols, 397 

Polyphenols, rMuced, 403, 404 

Polyterpena, 470 

Ponceaiix, 517 

Position isomerism, 113, 132, 389, 430 

Potassium carbonyl, 403 

Potato spirit, 3, 121, 323 

Potato starch, 337 

Primary alcohols, 114 

Primary amines, 373 ; preparation, 373 ; 

propffties. 374 
Projection formulae, j8i 
Proline, 553 
Prolyl ra(fical, 553 
Proof spirit, 6 
Propaldehyde, 105 
Propane, 92 

Pr^jMgyl alcohol, 171 ; esters, 171 

ftopine^ 137 

Propiohc acetal, i7r 

Propiolic acid. 173 

Froplolic aldehyde, 171 

PropiQBaniidc, 73 

Propione, 113 

Propionic acid, 49 ; constitution, 77 ; 
■yntheris, 72, 572 

Propionic acids, halogen, 169, 175, 177 , 
Frop^trile, 72 ; constitution, 77 
Prc^onyl radical, 50 
Pri^yl alcohol, normal, 49 ; esters, 51 ; 
comtitution, 77 ' 

Propyl alo^l, secondary, in ; esters, 

113 

Propyl cyanide, 73 
ftopyj ketones, 113 
Propyl radicals, 49, ii3 ’ 

Pr(^ylaiiiines, 374, 373 
Prppylbenzemes, 453 
Propylene, 133 ; momide, 133 
.Propylene glycols, 176 
Protection m amitio- and phenolic gproups, 
381, 417, 420 
Ptotamkia, 391 

Proteins or im?teids, 388 ; amipo-adds 
fr<Mn, 390 ; partial synthesis, 390 
Prgtocatechuic add, 410 
PtOTooitecbaio aldehyde, 410 
Pmssiao. blue. 360 ; test, do 
Pnisdafe^ red, or ferricyanides, 361 
Fnsslates, yeliofr, or ferrocyan^, 360 


Prussic or hydrocyanic acid, 70 

pseudo-acids and bases, 334, 383, 383, 483 

Pseudocumene, 438 

Pseudoisatin, 449 

Pseudonitroles, 304 

Pseudotropine, 537 

Pseudo-uric adds, 356 

Ptomaines, 379 

Ptyalin, 334 

Purification, set Summary 

Purine, 353 

Purine group, 350 

Purity, criteria of, see Summary 

Purpurin, 506 

Putresdoe, 379 

Pyrazine, 533 

Pyrazole, 354 

Pyrazolines, 553 

Pyrazolones, 354 

Pyridine, 521 : constitution, 533 ; tyn- 
thesis, 521, 523 
Pyridine alkaloids, 340, 346 
Pyridine substitution-products, 538 
Pyridine-carboxylic adds, 538, 539, 345 
Pyridines, alkyl, 527, 534 
Pyridine-sulphonic add, 538 
Pyridones, 536, 557 
Pyridyl radical, 534 
Pyridylamine (aminopyridlne), 535 
Pyridylpyrroles, 535 
Pyridylpyrrolidines, 535 
PyrogalMc acid, 403 
Pyrogallol, 402* 

Pyrogallol-carboxylic acids, 411, 413 
Pyroligneous acid, 33 ; 45, 49, 107, 349 
Pyroue-carboxylic adds, 557 
Pyrones, 55 ^, 557 
p3T:omutic add, 549 

PjTorac^cadd, 176, 20?; iminochloride, 
363 ; nitrile, 203 .% 

Pyioracemiq aldehyde, 303 
P^otartaric add, 197 
P^oxylin-or gun-cotton, 330 
P^ole, 531 
Pyrroles, 533, 351 
Pyrrolidine, 553 

Pyrrolidine-carboxylic acids, 553 syn- 
thesis, 553 

Pyrrolidines, 534, 537, 553 
Pyrroline, 553 
Pyruvic acid, ryfi, 436 


Quatenary ‘ammonium compounds, 375, 
377, 398 ; optical isomerism, 378 

E uemita^ic add, 413 
uick vinegar process, 33 
Quinaldine, 530 
Onmazarin, 506 
Quinhydrone, 400 
Quioic add, 413 
Quinine, 538 ; .constitution, 539 
Quimtoi, 404 
Qulnol, 399 

Quinol-carboxylic acM, 411 
Quiuolina, 320, 523 ; constitution, 523, 
334 ; syntheris, 530, 524 
Quinolines, alkyl, 530, 531 
Quinolines, redu^ 524 
Quinoline-carboxyUc adds, 530, ' 
Quinolinic add^ 331, 339 ; constitutioo, 3^9 
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466 ; 6$DStitution, 400 
Quinones, 400, 401, 501 
Quinonoid stracture of coloured com- 
pounds, 4S3, 383 

Racemic acid, 210 
Racemic ccunpounds, 210 
Racemisation, 210, 212 
Radicals, 29 ; influence of, 145, 382 
Raffinose^ 221 

Ratioital formulae, 16 ; ^3, 29, 37, 72 
Reagents, see Summary 
Rectification, 4 
Rectified spirit, 6 
Reduced phtlialic acids, 433 
Reducing agents, see Summary 
Reflux apparatus, 7, 22 
Reimer's reaction, 407 
Resins, 470 

Resolution of optically inactive com- 
pounds, 178 

Resordnol, 397 ; constitution, 398 
Resorcinol-carboxylic acids, 411 
Resorcinol-phthalein, 491 
Retene, 507 ; dekahydroretene, 471 ; do- 
dekah)^roretene, 508 
Reversible actions, 41, 186, 224 
Rhodamines, 492 
Rhodinol, 465 
Rice starch, 227 
Ricinoleic acid, 505 

Rin^ : benzeiioid or centric, 367, 368 ; 
bridged, 457 ; condens|d, 499 ; multi- 
ple, 473 ; olefinic, 377 ; paraffinoid. 371 
Roccellin, 517 
Rochelle salt, 208 
Rock oil, 93 

Rosaniline test for aldehydes, lock 
Rosanilines, 479 ; constitution, 480 ; 
synthesis, 482 ^ 

Rosanilines, alkyl, 486 ; aryl, 487, 492 

Roses, oil of, 465 

RosoUc acid, 4S4 

Rotatory power, 177 

Ruberyteric acid, 505 

Rufigallic acid, 412 

Saccharic acid, 233 
Saccharin, 353 
Safrol, 411 
Salicin. 222, 407 

Salicylic acid, 407 ; constitution, 408 ; 
Synthesis, 406, 407 ; esters, ethers, 407, 
408 

Salicylic aldehyde, 407 
Salicylyl alcohol, 407 
Saligenin, 407 
Salinine, aoi 
Sal(^, 408 

Salting out, see Summary 
Sarcolactic acid, 177 
Saponification, 53 
Saroosine, 284;. esters, 284 
Sassafras oil, 41 1 
Saturated cx)inpounds, 93, 378 - 
Sdiill’s aldehyde test, 100 
Schotten-Elaumann interaction, 34^ 
Schweizer's reagent, 230 
Sealed-tube operations, 20 
Seba^ add, 198 
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Secondary actions, 73 
Secondary alcohols, iir, 114: syuthedlL 
122 

Secondary amines, 273 
Selenophene, 548 
Semialdehydes, 164, 193 
Semicarbazide, 296 
Semicarbazones. 2g6, 336 
Semidine transformation, 312 
Separation, mechanical, see Summary 
Secicin, 291 
Serine, 287 
Sesquiterpenes, 470 
Shale oil, 94 
Side-chain and ring, 361 
Silicon alkyl compounds, 308 
Siliconooane, 467 
Silver salts, organic, 34 
Simple and complex compounds, 
Six-carbwi compounds, 217; cyclic, 366, 
370 

Skatole, 553 

Small quantities, dealing with, 18 

Soaps, 53 ; detergent action of, 54 

Sobreroi, 469 

Sodium acetone, 133 

Sodium camphor, 455 

Sodium ethoxide, 16 ; hydrolysis, 18 

Sodium methoxide, 46 

Sodium methyl, 309 

Sodium tropinone, 438 

Solid formulae, 179 

Soluble starch, 228 

Solvents, see Sumiyry 

Sorbic acid, 172' 

Sorbitol, 232 
Sorrel, salt of, 155 
Spacial configuration, 180 
Specific gravity, see Summary^ 

Specific gravity, constancy of, 7, 33 
Specific rotatory power, 177 
Spermaceti, 56 

Spirit blue (aniline blue),^487 
Spirit, duty-free, 6 
Spirit, uiethylat^, 6 ; rectified, 6 
Spirit, proof, 6 • 

Spirit, wood, 6, 45 

Spirit of nitre, sweet, 300 

Spirit of wine, 3 

Spirits, distillra, 3 

Stable and labile modifications, 301 

Starch, 227 ; animal, 228 ; soluble, 228 

Starch cellulose, 227 

Starch, hydrolysis, 221, 224, 228 

Starch sugar, 221 

Starched fabrics, 228 

Stearaldehyde, 105 

Stearamide, 72 

Stearic acid, 55 ; 97, 115 1 anhydride, 35 

Stearic acids, substituted, 171 

Stearin, 53 

Stearonitrile, 72 

Stearyl alcohol, 36, 97 

Stearyl chloride, 55 

Stereoisomeri^, 180; complex, 212, 243^ 
cycloid, 430 ; nitrogen, 278 ; fotefiaic, 
202; of oximes, 476 ; sulphur, 311 
Steric hindrance and i^uence, 

Stibines and sUboninm compouncu, 
Stilbene, 477 
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StUl'heads, 9 
StOFaXr 441 

structural fonnulae, 78; experimental 

basis of, 80 

Structure, molecular, 79; 179, 431 
Strychoioe, 542 
Stuiioe, 391 
Stjmne, 444 
Suberic acid, 198 
Subefwie, 537 
Sublimation, see Summary 
Substantive dyes, 318 
Substituted anunonias, 65, 279 
Substituting agents, see S ummar y 
Substitution, ^phatic, 84, 87, 93 ; com- 
plex, 140 

Substitution, benzenoid, 393, 415 
Substitution, classification by, 124 
Substitution : influence of halogen, 145 ; 

■ of oxygen,' 154 ; of nitro-group, 382 ; 

of position, 176, 198, 395, 411 
Substitution, inverse, 84 
Sucdnaidoxiiiie, 193 
Suecinamide, 194 

Succinic adds, I93ti9fii constitution, 193 ; 
synthesis^ 194 

Suodhic acids, alkyl, 197 ; halogen, 203, 
2 o 6; steret^somerisin, 197 
Succinic aldehyde, 195 
Succinic anhymide, 193 
Sucdnic seri^ 198 
Sucdnimide, 194 ; chlorimide, 19s 
Succinonitrile, 194 
Succmosucdnic ester, /los 
Sucdnyl chloride, 195 
Sucdnyl nitrogen chloride, 193 
Sucrose, 317 
Suet, 53 

Sugars, 225; ixtostitution, 332, 236; 
synthesis, 238 

Sugars, reducing and non-reducing, 239 
Sulphanilic add, 326, 315 
Suli^ates, alkyl, 26 
Sl^hides, alkyl, 309 
Sulj^inidia (sulphimides), 353 
Sulphites, alkyl, 311 * 

Sulphobeozoic ados, 333^ 416 
Sulphocyanides, 370 
Su^ihonal, 311 
Sulphonamic adds, 336*7 
SulphcHiamides, 320 . 

Su^tMmation, see Summary 
Sulphones, 311 
Sulphcnic adds, 318, 311 
Sulphonic chlorides, 319 
Sulidtonium oonqMundii, 310; optical 
. activity, 31 x 
Sui{^ovuuc add, 26 
Si^^boddes, 31X 

Sulphur, detection and estimaticm, 37 
Sweet spirit of nitre, 300 
Sylvestrene, 467 

Symmetrical cmnpmmds, 390, 437 
Sy«-aximm, 477 

Syntiiesis '01 ccgaalc ompounds, 49, 73 ; 

^■cQDdary acwos in,. 73 
S^tlmtic cbaiti; 73 
Sjmtiietic itt^ods, see Summary 
389 . ; 


Tallow, 5| 

Tannic adds, 413 
Tannin, 413 

Tar : bcsie, 521 ; coal, 314 ; wood, 33, 417 
Tartar emetic, 208 

Tartaric acids, zo8, 212 ; constitution, 208, 
2r2 ; synthesis^ 210, 2ts 
Tartrates, metallic, 2<^ 

Tartronic add, 165, 209 
Taurine, 312 

Tautommc compounds, iSS 
Tea, 254 

Tension hypothesis of molecular stability, 
^ 3H 

Tercbic acid, 468 

TerephthaUc acid, 430 ; reduction pro- 
ducts, 430 

Terpane terpenes, 471 
Terpenes, camphane, 461 ; menthane and 
open-chain, 471 
Terpenylic acid, 468 
Terpin and hydrate, 464, 466 
Terpineol, 464 ; synthesis, 466 
Tei^nene, 468 
Terpinyl chloride, 470 
Tertiary alcohols, 120,121; synthesis, 122 
Tertiary amines, 273 
Tertiary butyl rxwapouaik, 120 
Tertiary nitro-compounds, 302 
Tertiary paraffins, 96 
Tetracetic add, 556; lactone, 555 
Tetrazole, 555 
.Tetrachlorethylwe, 142 
Tetrachloromethane, 86 
Tetradecane, 97 
Tetradecyl alcohol, 97 
Tetrahedj^ formulas, 180 ; 203, 431 
Tetrahyd^obenzene, 377 
Tetrahymonaphthols, 498, 301 
Tetrahydronaphthyla^ies, 498, 500 
TetrahydroquinoIines,^24, 531, 546 
Tetrahydroquinone, 404 ; dicarboxylic acid, 
403 

Tetrahydroterephthalic acids, 43K 
Tetrahydrotoluenes, 421, 466 
Tetrahydrotohuc adds, 4W 
Tetramethylanunonium compounds. 277 
Tetramethylene derivatives, 373, 376 
Tetramethylene diamine, 279, 288 
Tetramethylraethane, 96 
Tetranitrobenzene, 381 
Tetranitrometiiane, 303 
Tetrazo-owupounds, 517 
Tetrazole, 555 
Tetrolip add, 172 
Tbeine, 255 

Theolxomine, 354 ; const! tutlOD and 
synthesis, 233 
Thet^yflinfr, 256 
Thetines, 310 
Thio-alcohols, 310 
ThiocarbaiDate^ 271 
Thiocarbamide, 270 
Thiocari>anilide, 325 
Thiocarbimides, 271 
Thiocyanates, 270 
Tbio-^ers, 310 
Ttkionaphthene, 3^2 

Thiophene, 548 ; omstitution an^ syn* 
thesis, 349 
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HiIop^De-carboxylic acid, ^48 
Tbicqiheae substitutioo-products, 547, 548 
Huopbeaol, 331 
Thiotolene, 548 
Thiourea, 270 

Three-carbon derivatives,' 160 
Thyme oil, 433 
Thymol, 453 

Tin alkyl compounds, 309 
Tobacco, 534 
Tolane, 477 
Tolidioe, 518 
Tolu, balsam of, 359 
Toluamides, 423, 424 
Toluene, 359 ; constitutioa and synthesis, 
359 ■ 

Toluene as methylbencene, 415 ; as phenyl- 
methane, 364 

Toluene, chlorination, 360, 415, 421 
Toluene aubstitution-pr^ucts, isomeristn, 
416 

Toluenesulphonamides 416 
Toluenesulphonic acids, 416 
Toluic aldehydes, 423, 424 
Toluic acids, 363, 423 
Toluic chloride, 424 
Toluidides, 419, 421^ 

Toluidines, 419 ; orientation, 420 
Tolunitriks, 424 
Toluquinols, 419 
Toluquinone, 40X 
Tolyl compoimds, 417, 418 
Toiyiene diamines, 4^ 
rrans-compounds, 2oli 
Transition temperature, 212 
Treacle, 167 
TriacetOTamine, 530 
Triaminophenol, 386 
Triazole, 555 * 

Tribromo^enol, 330 

Tricarballylic a«d, 214; alkyl deriva- 
tives, 456, 46Q 
Trichloracetamide, loz 
TrichlOTacetic acid, 142 
TrLchlochydrin, i6r 
Trichlorobutyric acid, 147 
Trichlorolactamide, 253 
Trichlm^onmtbane, 85 
Tridecane, 97 
Tcideooic acid, 97 
Triethylamine, 276 
Trihydroxyacrylic acid, 253 
Trimesic acid, 436 
" Trimethylaoetic acid, 121 
Trimethylacetme, in 
Trimethylamine, 276 
Trimethylcarbinol, i2X 
Trimetiiylene, 373 
Trimethylene bromide, 279, 373 
Trimethylene glycol, 176 
Tiimethyloie-carboxylic acid, 376 
TTinitranilines, 386 

Trinitrobenzenes, 381 ; constitution, 393 
T^itcomethane, 302 
TrinitK^enols, 386; constitution, 393 
Trioxyidethylene, 104 
Trioxypurine, 230 
triphenots, aoi 
T riphenybnune, 324 
Trifdienjdcarbinoi, 482 


Triphenylmethane, 482 
Triphenylmethane poup of compounds, 
484, 492 

Tripheaylmethane-carbrnrylic acid, 490 

Triquinoyl, 403 

Tropaeolines, 516 

Tropane, 536 

Tropanol, 536 

Tropeines, 536 

Tropic acid, S3<$ 

Tropine, 536 ; constitution. 337 ; syn- 
thesis, 537 

Tropine alkaloids, 535 
Tropinic acid, 536, 537 
Tropinone, 536 
Trypsin, 290, 553 _ 

Tryptophane, 533 
Turkey red, 505 
Turnbull’s blue, 261 
Turpentine, 452 
Typical compounds, 2, 3 ' 

Tyrosine, 445 ; synthesis, 446 

Undecane, 97 
ihdecoic add, 97 _ 

Unsaturated acids, isomerisation, 442 
Unsaturated compounds, 130, 167, 377 
Unsymmetrical compounds, 390 
Uramils, 236 
Uranin, 492 
Urates, soluble, 555 

Urea, 245, 246; constitution, 246 ; syn- 
thesis, 246 

Ureas, substituted, 267 
Urdde acids, 2$^ 

Ureldes, 251-256 
Urethanes, 2471 285 

Uric acid, 250 ; constitution and syn- 
thesis, 253 

Urine, loS, 183, 185, 248, 256 
Urotropioe, 104 
Uvitic add, 436 

"Valency and molecular structure, 73 
■Valeraioehyde, 105 

Valeric or vaLerianic acids, 30, i2o, I2l( 

187 ’ 

Valerolactooe, iq6, 356 
Vanillic acid, 410 
VanlUiu, 410 
Vapour density, 12 
Varnishes, 471 
Vaseline. 94 
Vegetabfe acids, 206 

Vegetable alkaloids, 520, 540, 546 j syn- 
thesis, 533, 535, 538 
Vegetable ^chment, 230 
Veratric acid, 346 
Veratrol, 399 
Verdigris, 36 
Vidnal compounds, 390 
Vinasses, 45, 276 

Vinegar, malt, 32 ; wood, 33 ; white, 3a 
Vinyl alcohol, 133 ; bromide, 133 
Vinylamines, 544 
Vinylammonium compounds, 294 
Vulcanite, 470 

W^d^ing hydrogen atcnns, 186 
Washing, pu^cati<m by, ste Summary 
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Water blue, 487 
Waxes, 56 ; p^affin Waic, 94 
Wine, 5 ; spirit of, 3 oil of, 26 
Wintergreen oil, 45, 406 
Wood cellulose, 229 
Wood distillation, 33 
Wood pulp, 229 
Wood smoke, preservative action of, 417 
Wood spirit, 6,. 45 
Wood tar, 33, 417 ‘ 

Wood vinegar, 33 
Woodruff, 443 
Wurtz’ synthesis, gH 

Xanthine, 234 ; methylxantliines, 254, 
255 


Xylenes, 444 ; ori«it4ti<», 426 ; sobstitu* 
tion products, 425 

Xylenols, 425; degradation, 426; syn- 
thesis, 425 
Xylidines, 425 
Xviose, 242j 349 
Xylylene compounds, 428 

Yeast, 222, 224 
Yield, 73 

^sel's estimation, 540 
Zinc methyl, no, 309 
Zymase, 224 

Zymolysis, reversible, 224 
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